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ABSTRACT 
The leachate collected on the West side of the 
Johnston, Rhode Island Central Landfill contains iron, 
manganese and total oil and grease. This leachate must be 
treated to the pretreatment standards of the City of 
Cranston Water Pollution Control Facility before being 
discharged into the Cranston sewer system. A batch study 
' 
was conducted to evaluate the coagulation-flocculation-
sedimentation system required for treating the leachate. In 
this batch study the jar test was conducted to obtain the 
data for developing a regression model. Using the developed 
regression model and trial and error, three different sets 
of design parameters were evaluated. Using these sets of 
design parameters three different coagulation-flocculation-
sedimentation systems were evaluated to determine the most 
cost effective design. The construction, operation and 
maintenance costs of the most cost effective coagulation-
flocculation-sedimentation system was evaluated. In 
addition the most commonly practical system, aeration-
sedimentation-filtration, was designed. The construction, 
operation and maintenance costs of the aeration-
sedimentation-filtration system was evaluated. A detention 
pond was designed as a standby unit for both systems. The 
construction, operation and maintenance costs of the 
coagulation-fl.occulation-sedimentation sy~tem was much less 
than the aeration-sedimentation-filtration system . 
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CHAPTER 1 
::CN'l'RODUCT::CON 
Use of a landfill has been the predominant method of 
solid waste disposal for the past several decades in the 
United States. Until recently municipal waste and 
industrial waste, which are hazardous in nature, have been 
disposed along with the solid waste, in most of the 
landfills. Most of these landfills were not designed to 
protect the environment viz. surface water, and ground 
water. Consequently the leachate that has percolated 
through the wastes has leached soluble and suspended 
contaminants produced from the landfill and contaminated 
both ground water and surface water. Regulations mandating 
control and careful management of leachate are now in place 
for solid waste landfills as a result of the Resource 
Conservation and Recovery Act of 1976 and its 
reauthorization in 1984 as the Hazardous and Solid Waste 
Amendments. One of the requirements of this regulation is 
production and capture of leachate from landfill sites and 
its safe management. 
The Central landfill in Johnston is the largest 
landfill in the State of Rhode Island. This landfill is 
maintained and operated by Rhode Island Solid Waste 
Management Corporation. The leachate being __ collected in the 
collection ditch on the west side of the Central landfill 
1 
contain heavy metals: Fe and Mn and total oil and grease. 
This leachate has to be treated to meet pretreatment 
standards of the City of Cranston Water Pollution Control 
Facility before the leachate can be discharged into the 
Cranston sewer system. 
Chemical-physical treatment methods are widely used to 
treat waste water containing heavy metals, and total oil 
and grease. These characteristics are different from 
municipal waste water. While treatment is possible, it is 
not known whether the coagulation, flocculation and 
sedimentation method or the precipitation with aeration, 
sedimentation and filtration method is more cost effective 
in removing heavy metals in the leachate to meet the City 
of Cranston Water Pollution Control Facility permit 
criteria. 
The present study was focused on the evaluation of 
capital, operation and maintenance costs required for a 
coagulation-flocculation-sedimentation system in comparison 
with the capital, operation and maintenance cost of the 
most commonly adaptable method(aeration-sedimentation-
filtration system), for the effective removal of iron and 
manganese from-the leachate. 
2 
1.1) Objective• of the Study: This study had the following 
objectives: 
1) Coagulation-Flocculation-Sedimentation.System 
* Using batch study experiments determine the size of 
coagulation, flocculation and sedimentation tanks. 
* Determine coagulation intensity, flocculation 
intensity and the surface area of the sedimentation 
tank. 
* Determine settling characteristics of floes formed, 
and the volume of sludge produced by the chemically 
treated leachate. 
* Determine minimum cost for constructing and 
operating the coagulation-flocculation-sedimentation 
system. 
2) Aeration-Sedimentation-Filtration System. 
* Review the air requirement, transfer efficiency of 
the aeration, Ph requirement, detention time, sludge 
characteristics, discharge per unit area of the 
filter, uniformity coefficient of sand, and grain 
size of sand. 
* Determine design, construction cost, operation and 
maintenance cost (aeration-sedimentation-
filtration system). 
* Compare-the construction, operation~and maintenance 
cost of the coagulation-flocculation-sedimentation 
3 
system with the construction, operation and 




2.1 BACKGROtmD AND L:I'l'ERA'l'ORB REVXEW 
Landfilling continues to be a common method of solid 
waste disposal in the United States. The precipitation 
passing through the waste and emanating in the form of the 
leachate from the bottom of the landfills pollutes the 
surface and subsurface waters. This is the prevalent 
problem arising from this method of disposal. The primary 
causes for the leachate pol~ution are inadequate design, 
improper selection of site and poor construction and 
operation. In recent times, after promulgation of new 
regulations care has been taken in landfilling methods. 
However, the problem of leachate still exists. It has to be 
collected and treated before it enters the environment. 
This chapter consists of two sections. The first 
section describes the leachate characteristics when 
collected from different landfills. The second section 
provides a review of literature on the various physical-
chemical methods used for the leachate treatment in this 
study. 
2.1.1 Leachate Characteristics and Variabi1ity. 
According to an estimate by Cherrninsoff (6}, 
approximately 18,500 land disposal sites which accept 
municipal wastes are present in the United .. States. Until 
this time a limited number of investigations were conducted 
5 
for the characterization of leachate and its treatment. 
Compared to the number of studies of land disposal sites 
leachate studies conducted are very few. In general 
landfill receiving municipal waste undergoes a fairly 
predictable series of changes of land fill stabilization. 
Pohland (21) explained that the landfill stabilization 
process occurs in five phases. 
During the initial adjustment period or phase I, 
moisture begins to accumulate in the landfill. Once the 
landfill becomes saturated, the waste begins to decay and 
leachate is formed. Initially, aerobic-microorganisms are 
present but anaerob~c organisms develop as available oxygen 
becomes depleted. This is known as transition or phase II. 
The electron acceptors involved in microbial degradation 
reactions shift from oxygen to nitrate and sulfate. Phase 
III is characterized by anaerobic digestion and an increase 
in production of intermediate volatile fatty acids which 
lower the pH of leachate. Complexation of metal species 
occurs and nitrogen and phosphorous are released and used 
to support the growth of more microorganisms. In phase IV 
intermediate products are converted to methane and carbon 
dioxide. The release of carbon dioxide from the leachate 
increases Ph of leachate through the bicarbonate buffering 
system. The leachate organic strength decreases as gas 
production increases. The final maturation __ of the landfill 
or phase V, begins when microbial growth nutrients become 
6 
depleted. Gas production decreases and aerobic conditions 
are reestablished in the landfill. 
Chain {7} and Boyle {5} have collected and compiled 
the leachate characteristics data obtained from different 
studies concerning the leachate. Their studies show that 
the characteristics of leachate varied greatly. Chain {7} 
reported that the age of a landfill and thus degree of 
stabilization of the waste is the main factor that governs 
the leachate characteristics. The period required for the 
decomposition of waste varies from one landfill to another. 
Thus the same type of waste when simultaneously disposed of 
separately in different landfills decomposes at totally 
different rates. This is due to the variability of the 
factors influencing the decomposition of the waste in 
different landfills or in some cases in different parts of 
a landfill. The most important factor which affects 
leachate characteristics is the composition of waste in the 
landfill. Five major sources of wastes in sanitary 
landfills are l} residential 2)commercial 3) agricultural 
4) municipal and 5) industrial wastes. After recent 
regulations only certain kinds of agricultural and 
industrial wastes are allowed to be placed in sanitary 
landfills. Waste characterization based upon the types of 
wastes dumped in the landfill gives an insight into the 
variability of leachate. 
7 
variability of leachate. 
Other factors affecting leachate composition are 
considered to be minor. While the degree of compaction and 
the moisture contents in the waste govern the containment 
of leachate, the infiltration influences the quantity of 
leachate through wastes. If the infiltration rates are 
small, the resulting leachate will be quantitatively less 
but more concentrated than the leachate generated during 
high rates of infiltration. 
2.1.2 Characteristics of the Centra1 Landfi11 Leachate 
The R.I. Analytical Laboratories (19) reported the 
characteristics of leachate samples collected from manhole 
stations 38 and 64 on the leachate collection pipeline on 
the West side of the Central Landfill, Johnston. The 
results of the analysis and the Limits of Permit Criteria 
of the Cranston City Water pollution Control Facility, are 
summarized below. 
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S.No Parameters Results of Limit of 
R.I.Analytical p e r. m i t 
Laboratories Criteria of 
Cranston City 
WPCF 
1 pH 6.7 5.5 <pH< 
9.5 
2 Total Solids 1,570-558 NG 
(mg/1) 
. 
3 COD (mg/1) 51.0-56.3 NG 
4 BOD (mg/1) 3-15 300 
5 Total Cyanide 0.l-<0.01 0.3 
(mg/1) 
6 Total Oil & Grease 28.8-3.36 25 
(mg/1) 









Antimony < 0.005 ND 
10 Arsenic < 0.005 ND 
11 Beryllium < 0.65-0.58 1.0 
12 Boron 0.65-<0.0l 1.0 
13 Cadmium < 0.01 0.04 
14 Copper < 0.05 1.0 
15 Iron 118-22.0 2.0 
16 Lead < 0.04 0.3 
-
17 Manganese 7.61-8.14 0.20 
18 Mercury < 0.005 ND 
19 Nickel < 0. 0_2 0.70 
20 Selenium < 0.005 0.01 
21 Silver < 0.02 0.1 
22 Thallium < 0.005 ND 
23 Zinc < 0.02 1.0 
24 Total Toxic 3-13 213 
Organic Compounds 
(ug/1) 
NG= Not Given, ND= Non Detectable Limit 
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The above results show that the total toxic organic, 
BOD, phenols, and total cyanide never exceeded the limits 
of permit criteria. The substances that exceeded the 
limits of permit criteria are heavy metals, 118-22 mg/1 
iron, and manganese 7.61-8.14 mg/1 and total oil and 
grease. 
2.2 Literature Review 
2.2.1 Coagul.ants and Coagul.ant Aids 
Reynolds (24) stated the principal factors affecting 
the coagulation and flocculation of water and waste water 
are: turbidity, temperature, pH, cationic and anionic 
composition and concentration, duration and degree of 
agitation during coagulation and flocculation dosage and 
nature of coagulant. 
Aluminum III and iron III salts are commonly added as 
primary coagulants. Aluminum III salts are generally added 
as aluminum sulfate Al 2 (SO4 ) 3 • 14H2 0 also called filter 
alum. Sufficient alkalinity must be present in water to 
react with aluminum sulfate to produce the desired 
hydroxide floes. The optimum pH range for alum is 4.5 to 
8.0. The simplified chemical reaction to produce the 
desired floe is. 
Al2 ( S04) 3 .14 H20- + 3 ·ca (HC03) 
----> 2Al (OH) 3 + 3CaSO 4 + 14 H2O (1) 
1 1 
Iron salts used are ferrous sulfates FeSO4.7H2O, 
ferric sulfate Fe 2 (SO4 ) 3 and ferric chloride (FeC1 3 ). 
Simplified reactions of these chemicals with added 
alkalinity are as follows. 
I) Ferrous Sulfate 
2FeSO 4 • 7H2O + 2Ca (OH) 2 + 1/20 2 
---> 2Fe (OH) 3 + 2CaSO 4 + 13H2 0 (2) 
II) Ferric Sulfate 
Fe 2 (SO4 ) 3 + 3Ca(HCO 3 ) 2 ------> 2Fe(OH) 3 + 3CaSO 4 + 6CO2 (3) • 
III) Ferric Chloride 
2FeC1 3 + 3Ca(HCO 3 ) ---> 2Fe(OH) 3 + 3CaC1 2 + 6CO2 (4) 
High lime treatment is frequently used in waste water 
treatment and lime may be as slaked lime or hydrated lime. 
Slaked lime Ca(OH)2 is produced by reacting Cao with water 
in lime slaking equipment. Lime is used as alkalinity 
addition to aid coagulation if the natural alkalinity is 
insufficient to produce a good floes, and to remove heavy 
metals from the leachate. 
2.2.2 Mechanisms of Coagu1ation 
The coagulation of particles in natural waters involve 
two separate and distinct steps O'Melia (18) and Dempsey et 
al. (10). These steps are. 
a) Transport Step:-· Causes the inter particles' contacts. 
b) Destabilization Step:- Attachment when contact occurs. 
12 
The theories of particle transport are based upon 
fluid and particle mechanics. The theories of particle 
attachment are based on colloidal and interfacial 
chemistry. 
Particle transport in an aqueous system is a physical 
process. It is accomplished phenomena: Brownian diffusions, 
fluid motion, and sedimentation. These are controlled by 
physical parameters such as temperature, velocity gradient· 
and particle size. Particle destabilization is controlled 
by the chemical-physical parameters. 
Destabilization of particulate present in natural 
waters can be obtained by one or more of the following four 
mechanisms. 
l)double-layer compression. 
2)adsorption and charge neutralization 
3)precipitation or particle enmeshment 
4)inter particle bridging 
Double-Layer Compression: - When particulate are dispersed 
in water, ions of opposite charges to the surface charges 
accumulate close to the particulate surface to satisfy 
electron neutrality. This accumulation of ions is opposed 
by the tendency of ions to diffuse in the direction of 
decreasing concentration (Fick's Law). The two opposing 
13 
forces, electrostatic attraction and diffusion, produce a 
diffuse cloud of ions surrounding the particulate. The 
double-layer model is based on the reduction of the zeta 
potential (the rate of movement of particle in an electric 
field). The movement of the particle compresses the double-
layer, causing a decrease in its thickness. Empirically, 
when the zeta potential is reduced below approximately 20 
mv, rapid coagulation is likely to occur. 
Adsorption and Charge Neutralization:- Destabilization by· 
charge neutralization is a very common processes in water 
treatment, especially if synthetic organic polymers are 
used as coagulants. In this case the coagulant specifically 
reacts with contaminants. Dempsey et.al (10) reported that 
a stoichiometry exists between the coagulant and 
contaminant. If charge neutralization and adsorption are 
responsible for destabilization and the restabilisation of 
the complex starts upon over dosing. Alabdulali (1) 
reported that charge neutralization is similar to the 
double layer compression in that the coagulant affects the. 
electrical potential that is exerted by the charged 
particles. 
Precipitation and/or particle Enmeshment:- Stumm et.al 
(33) reported that this destabilization oc9urs when 
aluminum or iron salts are added to water in concentration 
14 
exceeding their solubility limit. They reported that in 
this type of coagulation the particles' present in 
suspension are entrapped in the amorphous .precipitate 
formed. This mechanism of-destabilization predominates in 
water applications where pH values are generally maintained 
between 6 and 8, and coagulants are used at concentration 
exceeding their saturation with respect to the amorphous 
metal hydroxide solid that is formed. 
Inter particle Bridging:- Tenny and Stumm (35) reported 
that although electrostatic models describe the behavior of 
many particulate suspensions, they are unable to predict 
the destabilization of colloids and other particulate with 
the same surface charge. They said that Lamer and Healy 
( 1963) reported that long chain polymers carrying negative 
charges can form bridges between the particulate, thus 
destabilizing the suspension. This mechanisms has been 
observed to be the major mechanism controlling the 
aggregation of bacterial and alga's suspensions. 
2.2.3 Flocculation 
Flocculation is the agglomeration of micro floes 
formed due to coagulant addition and rapid mixing, into 
large se~tleable floes. In a complete coagulation-
flocculation process-gentle agitation follows the addition 
and rapid mixing of the coagulant dosage. Flocculation is 
15 
an important step in the removal of undissolved colloids 
and suspended material from water. 
Mechanisms of Flocculation:- The mechanisms of 
flocculation is generally considered to occur in two ways. 
1) Brown ( perikinetic flocculation) process:- Smoluchowski 
(32) reported that the Brownian motion affects the movement 
of the colloidal particles, but has only a minor influence 
on the transport of particles larger than about 1 µm. The 
instantaneous rate of change of total particulate 
concentration (Nt) due to Brownian perikinetic flocculation 
is given as 
Where 
dNt/dt = -4/3 (akTN/) /µ 
dNt/dt is the rate of particulate removal 
a= Collision factor< 1 k = Boltzmans constant 
T = absolute temperatureµ= dynamic viscosity. 
Compared to most of the chemical reactions in 
solution, aggregation of Brownian flocculation is a 
relatively slow process. 
(2) Shear (orthokinetic) process:- Flocculation that occurs 
through collision of particles by fluid motion resulting 
from agitation is defined as orthokinetic flocculation. 
This kind of fLocculation occurs in three different ways: 
16 
a) Laminar Shear: - Smoluchowski (32) and Swift and Fried-
lander (34) reported that when fluid flow is laminar and 
steady the velocity gradients are well defined. Swift and 
Fried-lander, (34) showed that the collision frequency 
function for spherical particles moving under similar flow 
conditions is given as 
dNt/dt = 4(dµ/d 2 ) n8µ/fi 
where 8 is the volume fraction of the dispersed phase. Thus 
ortho kinetic laminar flocculation is a first order rate 
expression with respect to Nt, with a rate constant 
directly proportional to velocity gradient. 
b)Turbulent Shear: -_Camp and Stein (9) reported that fluid 
flow in a mechanically mixed flocculation system is rarely 
laminar under turbulent conditions, the velocity gradient 
'G' is related to the dissipated power per unit volume of 
the fluid as given below. 
P/V = µG2 
P = power, V = volume, µ=dynamic viscosity, G= velocity 
gradient. 
Argraman and Kauffman (3) stated under turbulent flow 
conditions, floes breakup through surface erosion and the 
floe splitting mechanism cannot be neglected. 
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2.2.4 SEDXMBN'l'ATXON 
Differential sedimentation:- O'melia (18) reported 
that the velocity of the particles of similar densities 
settling in a water column is proportional to the size 
squared. Thus, differential particle motions occur in 
heterogenous suspensions during sedimentation, providing an 
additional transport mechanism for promoting flocculation. 
For suspensions containing a wide range of particle sizes, 
differential sedimentation can be a significant transport 
mechanism. 
Reynolds (24) reported that sedimentation is one of 
the earliest unit of the operations used in water or waste 
water treatments. The principals of sedimentation are the 
same for basins used in either water or waste water 
treatment. The equipment and methods are also similar. He 
said that Camp (1946) and Fitch (1956) classified settling 
into four general types or classes which are based on the 
concentration of the particles and the ability of the 
particles to interact. A discussion of the various types of 
settling is presented as follows: 
Type I settling:- Type I settling or free settling is the 
settling of discrete non flocculent particles in a dilute 
suspension. The particles settle as separate units, and 
there is no apparent flocculation or interaction between 
18 
the particles. Examples of Type I settling are plain 
sedimentation of the surface waters and the settling of 
sand particles in grit chambers. 
In type I settling, a particle will accelerate until 
the drag force F1 , equals the impelling force, then 
settling occurs. 
Where 
F1 = (ps-p)Vg 
F1 = Impelling Force 
Ps = Mass density of the particle 
p = Mass density of Liquid 
V = Volume __ of particle 
g = Acceleration due to gravity. 
( 2. 1) 
The ideal basin theory by Camp (1946) assumes the 
following. 
1) The settling is type I settling -in other words, 
settling of discrete particles. 
2) There is an even distribution of the flow entering the 
basin and leaving the basin. 
3) There are three zones I) the entrance Zone·II) outlet 
zone III) sludge zone. 
4) There is a uniform distribution of particles throughout 
the depth of the entrance zone. 
5) Particles that enter the sludge zone remain there and 
particles that enter the outlet zone are removed. 
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Fig 2.1 ·shows an ideal rectangular settling basin of a 
length L, a width W, and a depth H. V0 is the settling 
velocity of the smallest particle size that is 100 percent 
removed. When a particle of a size enters the basin at the 
water surface point 1, it has a trajectory as.shown and 
intercepts the sludge zone at point 2, which is at the 
downstream. The detention time, t, is 
equal-to the depth, H divided by the settling velocity V0 • 
t = H/V 0 (2.2) 
The detention time t, is also equal to the length L, 
divided by horizontal velocity, V 
t = L/V ( 2 . 3) 
The horizontal velocity V, is equal to the flow rate, 
Q, divided by the cross-sectional area,~- = HW. 
V = Q/HW 
Combining equations 2.3 and 2.4 
t = LWH/Q 
Vo. = Q/LW = Q/~ 
Where~- is the plan area of the basin. 
( 2. 4) 
( 2. 5) 
( 2 . 6) 
Type II settling:- Type II settling is the settling of 
flocculent particles in a dilute suspension. The particles 
flocculate during settling; thus they increase in size and 
settle at a faster velocity. The primary s~ttling of waste 
waters and the settling of chemically coagulated water and 
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waste waters are examples of type II settling. 
Batch settling tests are usually required to evaluate 
the settling characteristics of a flocculent suspension. 
The column should be at least 5" in diameter. to minimize 
side-wall effects. Height should be at least equal to the 
depth of the proposed settling tank. Sampling ports are 
provided at equal intervals in height. 
The suspension must be mixed thoroughly and poured 
rapidly into the column to ensure that a uniform 
distribution of the_ particles occurs through out the height 
of the column. Samples are removed through the ports at 
periodic time intervals and suspended solids concentration 
are determined. The percent of removal is calculated for 
each sample knowing the initial suspended solid 
concentration and the concentration of the sample. The 
percent removal is plotted on a graph as a number versus 
time and depth of collection of the sample. Interpolations 
are made between the plotted points. Curves of equal 
percent removal, RA, RB and so on are drawn, as shown in fig 
2.3. 
The overflow rates V0 are determined for the various 
settling times-ta, tD and so on, where the R curves 

































































































































overflow rate is 
V0 = H/tc ( 2. 6) 
Where His the height of the column and tc is the 
intercept of the Re curve and the X axis. The fractions of 
solids removed, R.r, for the times, ta, tb and so on are then 
determined. 
For example, for time tc the fraction removed, Rr, 
would be 
( 2. 7) 
Where H2 represents the height that the particles of 
R0 -Rc size could settle during tc. In applying the curves to 
design a tank, scale.up factors of 0.65 for the overflow 
rate and 1.75 for detention time are used to compensate for 
the side wall effects of the settling column. 
Type III settling or hindered settling is the settling 
of an intermediate concentration of particles in which the 
particles are so close together that in~er particle forces 
hinder the settling of neighboring particles. The particles 
remain in a fixed position relative to each other and all 
settle as a zone. At the top of the settling mass, there 
will be a distinct solid-liquid interface between the 
settling particle mass and clarified liquid. Type III 
settling occurs at an intermediate depth in a final 
clarifier for the activated sludge. 
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~e IV settling or compression settling is the 
settling of particles that are of such·a high concentration 
that the particles touch each other and settling can occur 
by the compression of the compacting mass. The compression 
settling occur in the lower depths of a final clarifier for 
the activated sludge process. 
2.2.S L:ITERATURE REV:IEW OF THE LEACHATE 'l'REA'l'MBN'l' 
Larry et.al (15) explained in the presence of oxygen 
both iron(II) and manganese (II) are oxidized. The 
oxidation may be presented as follows: 
4Fe 2+··+ 0 2 + 10H2O ===> 4Fe(OH) 3 + SH+ (2.8) 
2Mn2+ + 0 2 + 2H2 0 ===> 2MnO2 + 4H+ ( 2 . 9) 
Stoichiometrically 0.14 mg/1 of oxygen will oxidize 1 
mg/1 of iron(II) and 0.2 mg/1 of oxygen will oxidize 1 mg/1 
of manganese. For each 1 mg/1 of iron oxidation, 0.036 mg/1 
of hydrogen ions will be produced and for each 1 mg/1 of 
manganese oxidation, 0.036 mg/1 of hydrogen ions will be 
produced. If insufficient alkalinity is present, the H+ ion 
concentration will.increase during the course of the 
reaction. This will result in a depression of the pH and a 
concurrent decrease in the rate of reaction. 
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O'Connor (14) stated the rate of oxidation of Fe(II) 
by oxygen is slow under conditions of low pH. In such 
cases, pH is controlled by stripping carbon dioxide or 
·adding lime. Alternately the rate of oxygenation may be 
increased by the use of a catalyst. Contact aerators and 
contact filters have long been used to accelerate iron 
oxidation. Manganese oxidation is relatively slow at pH 
values below 9.5. The effect of catalysis by deposits of 
manganese dioxide has long been felt to be particularly 
important. He stated however that Morgan has shown that a 
major effect of MnO2 is in adsorbing Mzi••, thereby affecting 
its removal during filtration. Thereafter the adsorbed 
manganese continues to oxidize at a slow rate. The reaction 
steps in the oxidation of Mn(II) are. 
Mn(II) + 1/20 2 ===> MnO2 
Mn(II) + MnO2 ===> Mn(II)MNO 2 




The data assembled by Alan J. Shuckrow et.al (2) 
showed that a lime dosage of 870 mg/1 at pH 6.25 to 9.0 
removed more than 99% of the iron in industrial landfill 
leachate. They showed alum treatment to be less effective 
than lime treatment. Iron reduction reached 96% after 1000 
mg/1 of alum was added at pH 7.0 to 6.0. They reviewed 
several studies examining the effect of ferric chloride on 
industrial landfill leachates. When 1000 mg/1 of ferric 
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chloride was·added to leachate at pH 7.0 to 5.85, 98% iron 
removal was achieved. 
Henry V. Mott et.al (11) conducted fourteen individual 
batch experiments on the leachate samples obtained from the 
Snohomish County and the King County solid waste disposal 
facilities in Washington, D.C. Heavy metal concentrations 
were reduced by sorption onto in-situ precipitated hydrous 
ferric and manganese oxides. Sodium hydroxide and calcium 
hydroxide were used for pH control. Using calcium hydroxide 
they observed removal of 100.00% iron, 98.2% manganese, 
90.8% cadmium, 75.5%_copper, 99.8% zinc and 36.4% nickel at 
pH 5.95 to 9.0 in the Snohomish County leachate and 97.5% 
Fe, greater than 99.7% manganese, 90.0% cadmium, greater 
than 95.2% copper, 95.8% zinc and 12.9% nickel at pH 5.95 
to 9.0 in the King County leachate. Using sodium hydroxide 
they observed removals of 100.0% Fe, 98.2% Mn, 90.8% Cd, 
75.5% Cu, 99.7% Zn and 36.4% Ni at pH 5.95 to 9.0 in the 
Snohomish County leachate, and removal of 99.2% Fe, 98.4% 
Mn, 89.1% Cd, 69% Cu, 95.2% Zn and 23.5% Ni in the King 
County leachate. They reported that the ratio of acidity to 
total organic carbon in the King County leachate was more 
than double in the Snohomish County sample, showing a 
higher concentration of functional groups per unit mass of 
organic carbon. The.King County leachate p~obably had a 
greater ability for the complexation of heavy metals by the 
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organic fraction per unit of organic carbon. Consequently 
the removal efficiency of heavy metals was less in the 
King County leachate than in the Snohomish County leachate. 
John D. Keenan et.al (13) carried out jar tests for 
two types of limes: High calci~ hydrated lime and high 
calcium quick lime to raise the pH·to 10.5. They observed 
that the requirement of high calcium hydrated lime dosage 
was less when compared to the other lime, and that it did 
not have any slaking characteristics. They studied the use· 
of hydrated lime in coagulation and precipitation of the 
leachate in the full scale treatment of leachate of a 
sanitary-landfill located in southeastern Pennsylvania. The 
treatment system combined coagulation, flocculation, and up 
flow clarification within a unit. Removal of 98.9% iron, 
96.8% Zinc and 68% lead was observed when 100 mg/1 of lime 
was added. 
Richard J. Thornton et.al (23) studied three leachate 
samples collected in a landfill in the Town_of Sictuate, 
Massachusetts; using Jar Test apparatus. Sample# 1 was 
less concentrated because it was collected after brief 
precipitation. Sample# 3 was collected at the same 
location as sample# 1 after a period of dry weather. They 
performed coagulation with alum at conditions of pH 6.4 and 
at 14°c, followed by flocculation and settling. A 
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significant amount of floating material was observed on the 
surface. They said that the removal of color, determined by 
visual comparison, was very inefficient even at the higher 
alum concentrations. It was quite possible that most of the 
colloidal suspension is hydrophilic in nature, e.g., 
starches and proteins, which are found in abundance in 
muni~ipal refuse. The addition of multivalent ions such as 
Al+3 is effective in removing mostly hydrophobic colloids 
such as clay, metals or salts where the presence of a 
negative charge is a stabilizing factor. Due to the 
superior performance of lime over alum· in the initial tests 
of solids removal and color removal, no further studies 
were conducted using alum as a coagulant. The complete 
removal of iron was observed at pH 6.3 to 7.9 when 450 
mg/1 of lime was added in the leachate sample. 
Precipitation of iron in sample# 3 was not as effective as 
in leachate sample# 1 due to the formation of some 
chelates in sample# 3. The leachate samp~e # 3 having a pH 
of 5.3 most likely possessed a greater buffering capacity 
against increase in pH. Thus any or most of the hydroxyl 
ions introduced were tied up in another form, reducing the· 
chance of forming metal hydroxides. Nevertheless they 
observed 70% iron removal when 900 mg/1 of lime was added 
at pH 5.3 to 7.15 in leachate sample# 3. 
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Benifield et.al (15} stated that the oxidation of iron 
and manganese with potassium permanganate is as follows. 
3Fe2• + KMnO4 + 7H2O ---> 3Fe(OH}3 + MnO2 + K+ + SH• 
3Mn2+ + 2KMnO4 + 2H2O ---> 5MnO2 + 2K+ + 4 ~ 
Stoichiometrically 0.94 mg/1 of KMnO4 will be required 
to oxidize 1 mg/1 of iron(II} and 1.92 mg/1 of KMnO4 is 
required to oxidize 1 mg/1 of Mn(II}. 1.50 mg/1 of 
alkalinity as CaCO3 will be destroyed per mg/1 of Iron(II} 
oxidized. In actual practice the required potassium 
permanganate dose would normally be less than the dose 
predicted by stoichiometry. According to Engel et. al 
(1965), this is due to the formation of Mno2 which 
catalyses the following secondary reactions. 
2Fe 2• + 2MnO2 + SH2O ---> 2Fe (OH) 3 + Mn2O3 + 4H+ 
3Mn2• + MnO2 + 4H2 0 ---> 3Mn2O3 + SH+ 
He stated that although stoichiometry will provide the 
oxidant dose required for a particular treatment situation, 
it will not predict the reactor retention time required to 
allow complete oxidation of the iron and manganese to 
occur. Reactor retention time is controlled by the 
kinetics of the reaction. 
Cole et. al (9) reported that the hydrogen peroxide 
reacts with ferrous iron in acid to neutral solutions i the 
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following way 
H2 02 + 2 Fe•• + 2H• ---> Fe••• + 2H2 0 (1) 
One mole of H2 02 oxidizes 2 mole of iron so that the 
stoichiometric weight ratio of H2 0 2 to iron is 1.0 : 3.3. 
The oxidized iron then reacts with the alkalinity in the 
water to precipitate as ferric hydroxide. 
J.M. Montgomery et. al (17) stated that the cost of 
the removal of iron and manganese using either KMn0 4 or 
H20 2 is more than the cost of using oxygen as the oxidant. 
2.3 Operating and pollution parameters considered in this 
study:-
The basic operating parameters in this study are: 
dosage, coagulation intensity, pH, flocculation intensity, 
coagulation residence time,flocculation residence time and 
the over flow rate of the sedimentation. 
Coagulation intensity is the intensity of mechanical 
agitation used in rapid mixing and flocculation intensity 
is the intensity of mechanical agitation used in slow 
mixing. The intensity is expressed in terms of the measured 
mean velocity gradient that is defined by Camp as. 
G = (w/µ)112 ( 2. 13) 
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in which w is the dissipation function or power input per 
unit volume of liquid andµ is the absolute viscosity of 
the liquid. 
Coagulation and flocculation residence time is defined 
as rapid mixing time and slow mixing time. Over flow rate 
' is defined as. 
Vo= Q/~ (2.14) 
Vo.= Settling velocity, Ap. = plan area of the basin i.e. 
length x width. The main leachate characteristics in 
-influent and effluent considered are Iron, Manganese, oil 
and grease. 
2.4 Optimization of Coagu1ation - F1occu1ation Processes 
Optimization of coagulation-flocculation processes 
involves determining the most appropriate coagulant dosages 
and process conditions that can provide_an effluent of the 
required quality. Optimization of any process can be 
achieved by optimizing the most important parameters 
involved. The process of coagulation and flocculation is 
affected by various parameters as stated in the previous 
section. However the major parameters that control the 
total process are. 
1) Coagulant dosage 2) pH 3) flocculation mixing 
Intensity and 4) Flocculation residence time. 
31 
The jar ·testing technique is the most commonly used 
and was used for this study. Steps involved in optimizing 
the coagulation and.flocculation processes will be 
discussed in detail in the next chapter. 
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CHAP'l'BR 3.0 
MATBR:IALS, APPARATOS AND PROCBDORBS 
The influent and effluent leachate samples were 
analyzed for heavy metals Fe and Mn using the atomic 
absorption spectrometric Method, for total oil and grease 
using the partition-infrared method, pH, alkalinity, and 
total suspended solids were analyzed [Standard 
Methods(31)]. The stock solutions for the Calcium Hydroxide 
solution were prepared with concentration of 1 gm/1 
Experimental procedures of this study have been divided 
into three sections: 
a) Jar test Procedure 
b) Column batch study procedure 
c) Procedure for the Aeration Batch Study 
3.1 Jar Testing Procedure 
The typical jar testing procedure includes the 
following steps: 
(a) The jar test apparatus can accommodate six beakers. 
Each of the six beakers were fixed with the U shaped stator 
assembly. The thickness of each stator was 1.2 cm. The 
purpose of the stator assembly was to break vortexing and 
rotational flow and, consequently, cause more power to be 
imparted to the liquid. This results in greater turbulence. 
This turbulence causes higher velocity gradient for the 
same rotary speed than when no stators were used. 
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b) A leachate sample and the lime coagulant were placed in 
the beaker, so that the total leachate solution volume was 
1000 ml. The six glass jars(each containing one liter of 
the leachate) were placed on the illuminating table and 
positioned with the stirrer at the center of each jar. 
c) The maximum mixing speed on the speedometer of the jar 
test equipment is 100 rpm ( 214.8 sec- 1). This mixing speed 
has been used as the rapid mixing speed in the jar test 
experiments. The coagulant and the leachate were rapidly 
mixed for 1 min at 100 rpm to distribute the coagulant 
uniformly throughout the leachate. 
d) After rapid mixing the solution was mixed slowly for a 
given period to aggregate the destabilized particles and to 
form the floes. During the slow mixing a sample of the 
leachate solution was taken from each beaker using a 
pipette and was analyzed ~or TSS. 
e) The mixture was allowed to settle for 30 minutes. A 
sample of supernatant was withdrawn from each beaker using 
a pipette. The sample was analyzed for pH, alkalinity, Fe 
and Mn. 
f) The remaining supernatant was cleared by pouring it 
gently from the beaker such that SO ml of the settled 
leachate solution was left in the beaker. The remaining 
leachate solution was transfered .into a SO ml graduated 
cylinder and the volume of the sludge was measured. 
g) After analyzing the metallic concentrations present in 
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the leachate solutions, the dilution correction factors 
were computed for the amount of lime solution added to the 
leachate. 
h) The TSS/Sludge Volume (TSS/SV) ratio obtained in each 
experiment was used as an indicator to determine at what 
dosage, flocculation time, and flocculation intensity the 
best floe was formed. The best floe formation in the jar 
test occurs when the ratio of the total suspended solids 
(TSS) to volume of sludge (S.V.) is decreased compared to 
the ratio in any other jars for the same composition of 
leachate. 
K) The first series.of experiments were conducted to find 
the approximate dosage of lime, pH, and alkalinity required 
for removing Fe and Mn for a given coagulation intensity, 
flocculation intensity, coagulation time, flocculation time 
and settling time. The same composition of the influent was 
used for every experiment. A control was used in this 
series of experiments to determine the removal of 
contaminants without adding any chemicals in the leachate. 
1) In the second series of experiments the dosages were 
varied higher and lower from the approximate dosage 
obtained from the first series of experiments. The 
flocculation intensity and flocculation time were varied 
incremently in each beaker. The coagulation intensity, 
coagulation time and settling time were held constant. The 
same composition of the influent was used for every 
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experiment. 
The jar testing results were affected by many factors 
including the method and sequence of coagulant addition, 
method of the sample withdrawal, temperature, and the type 
equipment and the jars used for the testing. The following 
measures were adopted for better control over the jar 
testing results during the coagulation experiments: 
1} All jars and pippets were calibrated for volume 
measurements by using two graduated cylinders of 1,000 and 
50 ml capacities 
2} The mixing paddles were removed slowly from the 
jars after mixing was.completed so that the floes would not 
be broken. 
3}Extreme care was exercised while sampling. The pipet 
was marked at an inch from its mouth so that samples could 
be withdrawn at the same· depth in each case. 
3.1 .1 Statistica1 Procedure For Jar Testing 
PROCEDURE FOR FORWARD REGRESSION; Forward regression 
modeling is a process of addition in which the model is 
built by adding one regression variable ~ta time and 
measuring its contribution to the model. The regression 
variable that gives the largest correlation coefficient 
with the dependent variable (Y) would be entered first into 
the model. In the second step the model computes the 
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partial correlation coefficient between Y and each of the 
other independent parameters and chooses the second 
regression variable as the variable that yields the largest 
partial regression coefficient. Similarly at each step an 
independent variable that has the greatest correlation 
coefficient when compared with the other remaining 
independent variables, is entered into the model and is 
tested for significance of its partial regression 
coefficient with Y. The output is found in several steps, 
followed by a sununary of the forward selection procedure 
for the dependent variable Y. In each step the regression 
square coefficient _(R square): Mallows constant, C (P), 
degrees of freedom, sum of squares, mean square, and F were 
computed. For each of those quantities "prob. > F" values 
of regression, of error and of total for the model of the 
entered variables and the parameter estimate, standard 
error, type II sum of squares', F and "prob. > F" were 
computed for every variable entered. In the summary of the 
forward selection procedure for dependent variable Y, the 
independent variables that are entered an~ their "partial 
R**2", "model R**2", C (P), F and "prob. > F" values are 
then obtained (Shirley Dowdy & Stanley Wearen (29). 
TRIAL AND ERROR METHOD; It was not possible to obtain the 
minimum dosage- (X1) ·, flocculation intensity (X2) and 
flocculation time (X3) at or above TSS/S.V. ( Y => TSS/SV 
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for the obtained equation in the regression modelling since 
there were three unknowns. The trial and error method was 
used to find the most significant combination of the 
variables Xl, X2 and X3. In this method first the dosage, 
flocculation intensity & flocculation time where the TSS/SV 
value at which the removal of all constituents in the 
leachate was at or just below the permit criteria were 
chosen. The program was directed to create the data set of 
Xl, X2, X3 and Y, where the Y value was greater than or 
equal to the chosen TSS/SV value. After that the data set 
was sorted. For 3 variables the sorting can be done in 6 
ways since the factorial of 3 is 6. First from the least 
value to the highest value of X3, then from the least value 
to the highest value of X2 within X3 and then the least 
value to the highest value of Xl within X2. Another 
program was written in the same way except it had been 
directed to sort first from the least value to the highest 
value of X3, then from the least value to the highest value 
of Xl within X3 and then from the least value to the 
highest value of X2 within Xl. Similarly 4 other programs 
were run. The first program sorted Xl, X2 within Xl, X3 
within X2. The second program sorted Xl, X3 within Xl, and 
X2 within X3. The third program sorted X2, Xl within X2, 
and X3 within X2. The fourth program sorted X2, X3 within 
X2 and Xl within X3~ The temporary disk space available on 
the IBM main frame (VM/CMS operating system), which was 
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used to run·the programs, was 450 cylinders. The smallest 
increments for Xl, X2, and X3 were chosen· such that the 
space required for running the program was approximately 
equal to 400 cylinders. Even if smaller increments of Xl~ 
X2 and X3 were taken the least values obtained, would be 
approximately equal to those obtained above. The lowest 
values obtained in each sort were used to conduct the 
column batch study (SAS languages and procedures version 6 
(26)). 
3.2 Column Batch Study procedure 
A container with a capacity of 23 liters was fitted 
with a stator assembly. The stator assembly had two 5 cm 
wide stators. The lowest value of the flocculation 
intensity obtained in each sort and the coagulation 
intensity used in the jar test were used to conduct the 
slow mixing and the rapid mixing in the container. After 
flocculation the leachate solution was directed into the 
column by gravity to a height of 4'9". The settling column 
was 5.5" in diam, 4'9" high and had ports at intervals of 
9". The ports permit the removal of samples at different 
heights and at different intervals of time for the 
determination of solids concentration. During settling, 
the samples were removed from the sampling ports at various 
intervals and analyzed for TSS to determine the settling 
characteristics of the floe and suspended solids, heavy 
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metal, total oil and grease removal. The number of 
experiments required to find desired precision of overflow 
rates for each sorting was evaluated by using the following 
equation. 
n = (z*s/d) 2 (2.14) 
Where n = number of experiments required, 
z = Standardized variable, s= standard deviation [(Y-Y) 2 /n-
1) 112 , d=desired margin of error (Shirley Dowdy & Stanley 
Wearen (29)). 
First, the number of experiments were conducted, 
repeating the above procedure to find-the.standard 
deviation required for the above equation. Using the 
obtained standard deviation, the standardized variable with 
95% confidence interval and the selected desired error 
margin, the number of experiments required for the selected 
desired precision of suspension removal was calculated. The 
number of experiments to be conducted was equal to the 
difference between the determined number of experiments 
and the number of conducted experiments to find the 
standard deviation of the over flow rate. 
3.3 Procedure for the Aeration Batch Study 
A glass tube was inserted vertically in the 1000 ml 
capacity jar. The top end of the galss tube was connected 
to the air conduit. A leachate sample and the lime were 
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added until the leachate attain 9.5 pH in the beaker and 
the leachate volume was 1000 ml. Twenty mg/1 of KMnO4 was 
added to act as auto catalyst for oxidizing iron and 
manganese present in the leachate. The leachate solution 
was aerated for 25 minutes using 0.5 SCFM air flow rate. At 
end of the aeration, the glass tube was removed gently 
from the beaker. The mixture was allowed to settle for 30 
minutes. A sample of supernatant was withdrawn from the 
beaker by pipette. The sample was analyzed for pH, 
alkalinity, Fe and Mn. Then the remaining supernatant was 
cleared by pouring it gently from the beaker such that 50 
ml of the settled was left in the beaker. The remaining 
leachate solution was transferred into a 50 ml graduate 
cylinder and the volume of the sludge was measured. After 
analyzing the metallic concentrations present in the 
leachate solutions, the dilution correction factors were 
computed for the amount of lime solution added to the 
leachate. The TSS obtained in this study was used to 
calculate the weight of the sludge per day. 
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CHAPTER 4.0 
Results and Discussion 
. 
The discussion of the results has been divided into 
1} jar test results and discussion; 2} statistical analysis 
of the jar test results and discussion; 3) column batch 
study results and discussion; 4) Design of the coagulation-
flocculation-sedimentation system; 5) Design of the 
aeration-sedimentation-filtration system; 
4.1 Jar Tasting Results and Discussion (Phase 1) 
The jar testing experiments were conducted in two 
series of experiments. The coagulant required to treat the 
metals and total and oil grease present in the leachate 
depends upon many factors including the pH, alkalinity, 
suspended solids, flocculation intensity and flocculation 
time. The pH and the alkalinity of the leachate solution 
were directly proportional to the dosage of the lime. That 
means the pH and alkalinity increase when the dosage of 
lime is increased. Large floe particles formed with lime 
act as a blanket dragging other colloidal material down 
upon settling. By driving the pH upward, lime reacts with 
the bicarbonate alkalinity present and any carbon dioxide, 
calcium, and metallic ions to form calcium carbonates and 
metallic hydroxides. The first series of experiments were 
conducted to find the approximate dosage required to treat 
the leachate most effectively. The data obtained in this 
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series of experiments are arranged in table 4.1. In this 
series of experiments the coagulation intensity was 214.8 
sec- 1 , coagulation time was 1 min, flocculation intensity 
was 7.2364 sec- 1 , flocculation time was 10 min and the 
settling time was 30 min. The calculations of the velocity 
gradients of the jar test are presented in appendix A. From 
table 4.1, when 50 mg/1 of calcium hydroxide was added, 
the iron concentration present in the effluent was 0.9 
mg/1. This concentration of iron was below the discharge 
standard, but the manganese concentration exceeded the 
discharge standard. The lime was added-at various dosages 
increasing from SO mg/1. When 400 mg/1 of lime was added 
the results show that the pH of the leachate solution was 
9.59 which exceeded the discharge standard (pH 9.5) and the 
effluent manganese concentration of (0.23 mg/1) was just 
above the discharge standard (0.20 mg/1). When 450 mg/1 of 
the lime was added the pH of the leachate solution was 
10.11 and the manganese concentration (0.3 mg/1) was more 
than the manganese concentration of (0.23 mg/1) obtained 
when 400 mg/1 of the lime was added. A dosage of 400 mg/1 
of lime was taken as the approximate optimum dosage. The 
second series of experiments were conducted using various 
dosages increasing and decreasing from the 400 mg/1. 
In the seGond series of experiments 72 experiments 
were conducted. The dosages were varied from 300 mg/1 to 
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475 mg/1 by increments of 25 mg/1. The flocculation 
intensities of 2.8837 sec- 1 , 7.2364 sec- 1 , and 13.0370 sec- 1 • 
The flocculation times of 10 min, 15 min,. and 20 min were 
used to conduct the experiments. The results are arranged 
in table 4.2. 
4.2 STATXSTXCAL ANALYSXS OF SECOND SERXES OF EXPERXMENTS 
REGRESSION MODELLING: 
Two forward regression models were run using flocculation 
time (Xl), flocculation intensity (X2) and dosage (X3). 
When the influent TSS was 157.25 mg/1, pH was 7.14, and 
alkalinity was 260 mg/1, iron concentration was 25.6 mg/1 
and Mn was 7.89 mg/1. In the first model various 
independent variables with combinations of Xl, X2, and X3 
included (Xl, X2, X3, XlXl, X2X2, X3X3, X1X2, X2X3, X1X3, 
X1X2, X1X1X2, X1X1X3, X2X2X3, X2X2Xl, X3X3Xl, X3X3X2, 
X3X3X3, XlXlXl and X2X2X2) were used to determine which 
variables fit well in the model and to predict the TSS/SV 
(Y) . 
In this regression model the independent variables 
with the combinations of Xl, X2 and X3 listed and dependent 
variable, log (Y), were used to run the model rather than 
using Y to transform data so that the distribution of 
residuals over-predicted values would be uniform. In the 
second regression model the independent variables were the 
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log (Xl), log (X2), and log (X3) in the combinations above 
and dependent variable log (Y) were used to run the model. 
The R square values obtained in the first model were 
superior to the R square values obtained in the second 
model. The difference between the modulus of actual and 
predict values obtained was smaller in the first model than 
in the second model. Therefore the first model was 
considered as the better model and was used for designing 
coagulation and flocculation tanks. The input and output of 
the SAS programs are enclosed in the appendix A. 
Using the parameter estimates obtained in the first 
model and log(Y) as dependent variable the following 
equation was obtained, 
y = e 3.03081446 + o.0114111ex3 + o.00000003233xix2x3 + o.000000040sosx3x3x3 + 
o.ooooooose244X2x1x1 + o.oooooooooe943sx1x3x3 + o.00000000011102x1x1x3 + o.0000000421s1X2x3x3 + 
0.000045874X3X3 
The output of this model shows that X3X3X3 is first 
entered and that it has the most significant partial 
regression coefficient with Y, (0.962). The partial 
coefficient of each of the other independent variables 
entered into the model was not significant. The values of 
Xl and X2 were chosen in the optimum range. The variation 
between the xi-values and X2 values were much less and the 
number of values of X3 was more when compared to the number 
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of Xl and X2 values for different combination of Xl, X2 and 
X3 values used in the experiments. That· i's the reason that 
Xl and X2 were insignificant. The Y value required for:- the 
trial and error method was considered as dependent on the 
X3 value and independent of X2 and Xl values. From table 
4.2 the Mn removal to meet the discharge standard was 
achieved at and above 400 mg/1 of lime dosage. The Y value 
was considered as equal to or greater than the maximum 
TSS/SV value obtained in the experiments conducted using 
400 mg/1 of lime in the second series of experiments. 
TRIAL AND ERROR METHOD; It was not possible to obtain the 
flocculation time, flocculation intensity and minimum 
dosage at or below the desired TSS/SV for the given 
equation since there were three unknowns. The trial and 
error method had been used to determine minimum values of 
Xl, X2, X3 for the given equation with Y values . The 
trial and error method had been used to determine minimum 
values of Xl, X2, X3 for the given equation with known Y 
values. Xl was varied from 600 to 1200 by increments of 1, 
X2 was varied from 2.8337 to 13.0370 by increments of 0.2, 
and X3 was varied from 300 to 475 by increments of 1.0. The 
parameter estimates obtained in the first_regression model 
with the log(Y) as the dependent variab~e were used to form 
the equation. T-he program was directed to create the data 
set of Xl, X2, X3 and Y, where the Y value was=> 209.845. 
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In each program, 75610 observations were obtained. The 
temporary disk space which was 400 cylinders was not 
sufficient when smaller increments for Xl, X2, and X3 were 
used. The Input and output of the SAS Programs are 
presented in the appendix A. The same minimum values (600 
for Xl, 2.8837 for X2, 406 for X3 and 209.939 for Y) were 
obtained in the sorts of Xl, X2 within Xl, and X3 within 
X2, and in the sort of X2, Xl within X2, and X3 within Xl. 
The same minimum values (600 for Xl, 12.8637 for X2, 391 
for X3 and 209.864 Y) were obtained in the sorts of Xl, X3 
. 
within Xl, and X2 within X3; in the sort of X3, Xl within 
X3, and X2 within XlL and in the sort of X3, X2 within X3, 
and Xl within X2. For'the sort of X2, X3.within X2, and Xl 
within X3 the values of 960 for Xl, 2.8837 for X2, 393 for 
X3 and 209.845 for Y were obtained. The Jar tests were 
conducted using the results obtained in the sorts. The 
results were arranged in table 4.3. The TSS/SY value of 
208.939 obtained for the sorted values of 600 for Xl, 
2.8837 for X2, and 406 for X3. The TSS/SV value of 208.91 
was obtained for the sorted values 600 for Xl, 12.6387 for 
X2, and 391 for X3. The TSS/SV value of 209.845 in the 
model were obtained in the jar test. The TSS/values 
obtained in the jar tests are slightly higher when compared 
to values obtained in the model. This occurs due to the 
higher concentrations present in the influent used in the 
jar test experiments as compared to the lower 
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concentrations in the influent used in the jar test 
experiments for simulating the model. The total and oil 
and grease, iron and manganese concentrations in the jar 
tests effluent were below the permit criteria. 
4.3 Column Batch Study Results and Discussion 
Nine experiments were conducted in three column batch 
studies. Three experiments were conducted for each column 
batch study using the same sorted values. The calculations 
of the scaled mixing speeds are enclosed in appendix A. 
The results are.presented in table 4.4: 4.5 and 4.6. To 
smoothen the experimental data the smoothen graphs of 
percent of SS removed versus time were plotted for each 
experiment. The plots were presented in fig 4.1 - fig 4.9. 
Using smoothen graphs the settling profile graphs were 
constructed with time as abscissa and percent of TSS 
removal as ordinate ( e.g.,_ 90, 91, . 98) for each of. 
the five depths. The Plots are presented in the figures 
4.10 - 4.18. The overall percentage of removal obtained in 
the smoothen curve graphs and time at 4'9" were obtained 
from the settling profile graphs. The obtained values, 
corresponding time, settling velocities and overflow rates, 
were tabulated in the table 4.7, 4.8, and 4.9. The plots of 
% of SS removal versus overflow rate were presented in fig 
4.19 - 4.27. The plots of% of suspended solids removal 
versus detention time were presented in fig 4.28 - 4.36. 
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In the results of the jar tests conducted to stimulate the 
results obtained from the model, the TSS removal was 
greater than 97%, the manganese was reduced to below 0.2 
mg/1 and other contaminants were below the permit criteria. 
The over flow rate at which the 97% TSS removal was 
obtained in every column batch study was considered to be 
the theoretical overflow rate for designing the 
sedimentation tank. In each column batch study three 
experiments were conducted. The 5% desired precision of 
error was taken for calculating over flow rate. The number 
of experiments required in each column study was below 3, 
which indicates that_without conducting any more the 
experiments the desired precision of over flow rate could 
be obtained by averaging the three experiments that were 
conducted in each column batch study. The calculations of 
number of experiments required to be conducted to determine 
the desired precision of over flow rate in each column 
batch study were present in appendix A. 
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Discharge= 100,000 gallons/day 
Velocity Gradient = 214. 8 sec- 1 
Depth of the tank = 4.5' 
Lowest Temperature of the leachate= 50°F 
Discharge in ft 3 /min 
= 100,ooocgal/dayl 
24 (hrs/day) X 60 (min/hrs) X 7.48(gal/ft 3 ) 
= 9.28 ft 3 /min 
Depth of ·the tank= 4.5' 
Detention time= 1 min 
Area of the tank= 9.28 Cft 3 /minl x l{minl = 2.06 ft 2 
4.5 (ft) 
Using square chamber 
.. 
Dimensions of the tank 1.43' x 1.43' 
Adopt 1.5' x 1.5' square tank 
Power required P = G2µV 
Viscosity = 2. 735 X 10- 5 lb sec /ft 2 @ 50°F 
Power required for velocity gradient 214.82 sec- 1 
= 214,82 2 Csec-ll 2 x 2,735 x 10-s Clb.sec/ft 2 l x 10,12s Cft3l 
550 
= 0.0234 hp 
Efficiency of the motor from the manufacturer= 80 % 
Motor horse power= 0.0234 (hp)/0.8 = 0.0292 hp 
Power required P = G2µV 
Viscosity = 2. 735 x 10- 5 lb sec /ft 2 @ 50°F 
Power required for velocity gradient 600 sec- 1 
= 600 2 Csec- 1 >2 x 2.735 x 10-s Clb sec/ft 2 l x 10.125 Cft 3 l 
-550 
= 0.18 hp 
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Efficiency of the motor from the manufacturer= 80 % 
Motor horse power= 0.18(hp)/0.8 =0.225hp 
Accommodate velocity gradient ranging from 214.8 sec- 1 to 
600 sec- 1 
Nl/N2 = (600/214.81) 213 =1.98 
Provide 0.5 hp motor with variable speed 2:1 
Flocculation Basins 
co:iumn batch study 1. flocculation basin 
Data 
Discharge= 9.28 ft 3 /min 
Depth= 4.5' 
Velocity gradient = 2. 8837 sec- 1 
Detention time= 10 min 
Area required= 9.28 {ft 3 /min) x 10 {min) = 20.62 ft 2 
4.5 (ft) 
Using the square tank 
Dimensions of the flocculation basin= 4.45' x 4.45' 
Provide 4.5' x 4.5' dimensions flocculation tank 
Power required (P)for velocity gradient 2.8837 sec- 1 
= 2.8837 2 {sec- 1 >2 x 2.735 x 10-s {lb sec/ft 2 ) x 91,125 {ft 3 } 
550 
= 0.000376 hp 
Motor efficiency from manufacture= 80 % 
Motor horse power required= 0,000376 = 0.000471 hp 
0.8 
Power required (P) for velocity gradient 40 sec- 1 
= 40 2 {sec- 1 >2 x 2,735 x 10-s {lb sec/ft 2 > x 91,125 {ft 3 > 
550 
= 0.0725 hp 
Motor efficiency from manufacture= 80 % 
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Motor horse power required= 0.0725 = 0.09063 hp 
0.8 
Accommodate velocity ranging from 2. 8837 sec- 1 to 40 sec- 1 
Nl/N2 = (40/2. 8837) 213 = 5. 77 
Provide 0.5 hp variable speed motor drive with extra flow 
hydrofoil impeller with mixed ratio of 5.77:1. 
Assuming speed of the mixing= 45 rpm 
Maximum Impeller power draw= 0.0725 hp 
Power number for xtra hydrofoil impeller= 0.3 
Power Input = lip r:i!:3 D5 SG 
1. 52 X 10 13 
Where 
P= power, Hp 
NP = Power number 
N = Impeller Speed, rpm 
( Cleveland Mixer (25)) 
D = diameter of Impeller., inches; 
SG = Specific Gravity of the liquid 
Diameter of the Impeller (D) 
= sJp X 1.52 X 10 13 
\ NP x N3 x SG 
= 5t{ O , O 7 2 5 C HP> x 1 , 5 2 x 1 On = 
\ 0.3 X 45 3 (rpm) X 1 
33.19" 
Provide 34 "diameter xtra flow hydrofoil Impeller 
Cost of the lime and the power cost of the slow mixing per 
day. 
Column batch study 1 
Lime dosage= 406 mg/1 
Cost of lime per lb=$ 0.08 
Cost of electric energy=$ 0.08/kilowatt hr 
Cost of the lime required per day 
= [406(mg/l) x-l00000(gal/day) x 3.785(1/gal) x 0.08($/lb) 
x 2.2046 (lb/kg]/1000000 (mg/kg) 
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= $ 27.10 
Cost of the power required per day 
= [0.08 ($/kwatt hr) x 0.5 (hp) 
x 0.7457 (kwatt/hp) x 24 (hr)] 
= $ 0.72 
Total cost of the lime and power required per day=$ 27.82 
Sedimentation t•nks 
Co1umn Batch Study 1. sedimentation tank 
Data 
Discharge= 9.28 ft 3 /min 
Depth of the sedimentation tank= 9.5' 
Column batch study overflow rate= 913:33 gal/ft 2 /day. 
Metcalf & Eddy (19) stated that to account for the 
less than optimum conditions encounter in the field the 
design overflow rate or settling velocity obtained from the 
column study is often multiplied by a factor of 0.65 to 
0.85. 
Design overflow rate= 0.65 x 913.33 = 593.665 gal/ft 2 /day 
Area of tank required= lOOOOO(gal/day) = 168.44 ft 2 
593.665 (gal/ft 2 /day) 
Using 3:1 ratio length to width rectangular tank 
Width of the tank= J (168.44 (ft 2 )/3) = 7.49' 
Length of the tank= 22.47'' 
Adopting 22'6" x 7 1 6 11 dimensions rectangular tank 
Similarly the design of the flocculation and 
sedimentation tanks of the column batch study 2 and column 
batch study 3 were made. The calculations of the design of 
the coagulation, flocculation and sedimentation tank are 
enclosed in appendix A. The maximum flow rate, 100,000 
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gal/day was ·consider as the design flow rate. The 
dimensions of the coagulation tank, 1.5' x 1.5' x 4.5' were 
computed. The dimensions of the column batch study 1 
flocculation tank, 4.5' x 4.5' x 4.5', the dimensions of 
the colwnn batch study 2 flocculation tank, 4.5' x 4.5' x 
4.5', and colwnn batch study 3 flocculation tank, 5'9" x 
5'9" x 4.5' were obtained. The dimensions of the colwnn 
batch study 1 sedimentation tank 22 1 6 11 x 7 1 6 11 , colwnn batch 
study 2 sedimentation tank 21 1 6 11 x 7'2" and colwnn batch 
study 3 sedimentation tank 22 1 8 11 x 7'7" were obtained. The 
total cost of lime and power required per day for colwnn 
batch study 1 is$ 27.82, for colwnn batch study 2 is$ 
26.82 and for colwnn batch study 3 is$ 26.95. The minimum 
dimensions of coagulation, flocculation, and sedimentation 
tanks and the least total cost of lime and power were 
obtained in colwnn batch study 2. So the colwnn batch study 
2 design was adopted. The inlet and outlet arrangements of 
the flocculation tank, outlet arrangement of the 
sedimentation tank and sludge hopper required for the 
sedimentation tank were designed using the design 
parameters of the colwnn study 2. The details of the 
calculation for the above arrangements are presented in the 
appendix A. Two ports of the same diameter (6") were 
provided at the center of the upstream and downstream walls 
of the flocculation· tank for the inlet and outlet 
arrangements of the flocculation tank. Weir length of five 
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feet was provided for the outlet arrangement of the 
sedimentation tank. The weight of sludge- of 167.68 kg/day 
was obtained. The sludge hopper has been designed for a 
detention time of 7 days. The dimensions of the sludge 
hopper are shown in figure 2 enclosed in appendix A. The 
dimensions of the lime dissolving tanks that was designed 
for 30 days detention time are 2 1 x 2' x 5.0'. The 
dimensions of the detention pond which was designed for 24 
hrs are 90' diam and 15' height. The detention pond serves 
as stand by and equalization tank for the coagulation-
flocculation-sedimentation system. A steel tank with 45 mil 
of polyethylene coating is easy_to construct, and cheap 
compared to other construction materials was proposed for 
the construction of coagulation-flocculation-sedimentation 
system. A Half HP motor driven vertical mixer and variable 
speed of 2:1 is or will be used for rapid mixing in the 
coagulation tank. In the flocculation tank half HP motor 
driven vertical turbine mixer and variable speed of 2.15:1 
will be used for slow-mixing. In the second series of 
experiments when the pH was equal to or greater than 9.5 
the effluent concentration of Mn was below permit criteria. 
According to discharge standards the pH should not exceed 
9.5, so the pH control would be programmed so that pH of 
the leachate is equal to 9.5. The lime will be 
automatically fed until the leachate solution has pH equal 
to 9.5. If the influent concentrations of the suspended 
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solids, Mn and Iron in the leachate are greater than 
concentrations of the suspended solids, Mn and Iron of the 
leachate used for conducting experiments and the flow rate 
is equal to the design flow rate, then the flocculation 
intensity will be increased form 12.6837 sec- 1 in 
proportion to the variation of the concentration of iron, 
manganese and suspended solids present in the leachate. 
Further research must be done with the seasonal variation 
of composition of the leachate taken as a variable 
parameter. The construction cost of the 
coagulation,flocculation and sedimentation tanks of$ 
66,800, was obtained. The operation and maintenance cost of 
the coagulation-flocculation-sedimentation system of 
$ 2,400/yr was obtained. The details of estimation are show 
in appendix A. 
4.5 Design of Aeration-Sedimentation-Fi1tration System 
The maximum flow rate of 100,000 gal/day was adopted 
as design flow rate for the system. The details of design 
calculations were assembled in appendix A. The dimensions 
of the aeration tank (6' x 12' x 9.5'), sedimentation tank 
(6' x 12') and filtration tank (2.7' x 5.4' x 4.2') were 
obtained. A port 6 11 diameter was provided at the center of 
the upstream end of the sedimentation tank. A weir of five 
foot length was provided for the outlet arrangement of the 
sedimentation tank. The weight of sludge of 190.00 kg/day 
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was obtained. The sludge hopper was designed for a 
detention time of-7 days. The dimensions of the sludge 
hopper are shown in the fig 4 in the appendix A. The 
dimensions of the lime dissolving tanks that was designed 
for 5 min detention time are 2' x 2' x 1' and the 14 L 
capacity cylindrical dissolving tank for the potassium 
permanganate had been designed. The 9.5 pH is maintained 
for the leachate solution in the system. The pH controller 
would be programmed so that pH of the leachate solution is 
equal to 9.5. The lime will be automatically added until 
the leachate solution pH is equal to 9.5. Potassium 
permanganate at 20 mg/1 is added to act as autocatalyst for 
oxidizing iron and manganese present in the leachate. 
Further research has to be done to study the seasonal 
variation of the leachate composition. 
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4.6 Discussion of the Coagu1ation-F1occu1ation-
Sedimentation System Compared to Aeration-
Sedimentation-Fi1tration System. 
The construction cost of the coagulation-flocculation 
-sedimentation system is shown in the table below. The cost 
of the operation and maintenance of the system is shown in 
the next table. 
Abstract Estimate of Construction Cost of Coagu1ation-
F1occu1·ation-Sedimentation System. 
Description - Cost Cost 
in$ in$ 
1979 1994 
1 Total cost of coagulation, 
flocculation, sedimenta.tion 14,000 
and chemical feeder tanks 
(Modular Tank Inc, 94) . 
2 Labor cost for the 4,000 6,120 
construction of the 
sedimentation tank(Robert, 
EPA 79,(30)). 
3 Labor cost for the 210 321.3 
construction of the rapid 
mixing tank (Robert, EPA 79, 
(30)). 
4 Labor cost for the 1,500 2,295 
construction of the 
flocculation tank (Robert, 
EPA 79 (30)) 
5 Labor cost for the 300 459 
construction of the lime 
feeder (Robert, EPA 79(30)). 
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6 Excavation and site work for 1,000 1,530 
the coagulation, 
flocculation and 
sedimentation tanks (Robert, 
EPA 79(30)). 
7 Cost of the pipe and valves 1,000 1,530 
for sedimentation tank 
(Robert, EPA 79 (30)). 
8 Manufactured equipment for 
the sedimentation tank 7,500 11,475 
includes sludge scrapers 
(Robert, EPA 79 (30)). 
9 Electric and instrumentation 1,500 2,295 
for the sedimentation tank 
(Robert, EPA 79 (30)). 
10 0.5 HP rapid mixer with 740 
variable speed meter and -
starter (EMI Mixer, 94) . 
11 0.5 HP slow mixer with 2,175 
variable speed meter and 
starter (EMI Mixer, 94) . 
12 pH meter controller 551 
(SERFILCO, 94) . 
13 Immersion assembly·with pH 384 
sensor (SERFILCO, 94) . 
14 0.2 hp metering pump with 448 
meter ,( SERFILCO, 94) . 
15 The cost of the storage pond 
(Modular Tank Inc, 94) . 22,000 
16 Labor cost for the 
construction of the storage 2,100 3,213 
pond include constructing 
storage tank, fitting pipe 
and valves, and fixing the 
flow controlling panel, and 
solenoid valve for the 
treatment system. (Robert, 
EPA 79(30)). 
17 Cost of pipes and valves 1,500 2,295 
(Robert, EPA 79 (30)). 
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18 Cost of 152 kg capacity 2,600 
volumetric dry lime feeder 
(SERFILCO, 94 ( 3 0) 
19 Engineering contingency 577.7 
20 Total cost 75,000 
Abstract Bst:imation of coat of Operation and Maintenance 
of Coaaulation-Flocculation-Sed:imentation System per year. 
Description 
1 Cost of the lime feed 
include chemical and power 
for pumping, pH meter, flow 
meter and adjustable dosager 
(Robert, EPA 79). 
2 Operation cost of rapid 
mixing and slow mixing 
includes power cost and its 
maintenance (Robert, EPA 
79) . 
3 Operation and maintenance 
cost of the sedimentation 
tank (Robert, EPA 79). 
4 Operation and maintenance of 
the Storage pond, control 
panel, pipe and values 
(Robert, EPA 79). 
5 Operation and maintenance of 
miscellaneous items (Robert, 
EPA 79). 
6 Total cost 
Cost index ( Dodge 94). 
Cost 94 = cost 79 x cost index 94 = 
cost index 79 
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cost 79 x 2-...M = 
1.8 
1.53 
The construction cost, operation and maintenance cost 
of the aeration-sedimentation-filtration system is show in 
the following tables. 
Abstract Estimation of Construction Coat of Aeration-
Sedimentation-Fi1tration System. 




1 Total cost of aeration 6,800 
sedimentation and chemical -
feeder tanks (Modular Tank 
94) . : 
2 Labor cost for the 6,210 
construction of the 4,000 
sedimentation tank (Robert, 
EPA 79(30)). 
3 Labor cost for the 2,142 
construction of the aeration 1,400 
tank (Robert, EPA 79(30)). 
4 Labor cost for the 300 459 
construction of the lime 
feeder (Robert, EPA 79(30)). 
5 Labor cost for the 200 306 
construction of the 
potassium permanganate 
feeder (Robert, EPA 79(30)). 
6 .Labor cost for the 4,590 
construction of the 3,000 
filtration tank 
(Robert, EPA 79 (30)). 
7 Excavation and site work for 1,530 
the aeration-sedimentation- 1,000 
filtration system (Robert, 
EPA 79(30)). 
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8 Cost of the pipe and valves 1,530 
required for the 1,000 
sedimentation tank (Robert, 
EPA 79(30)). 
9 Manufactured equipment for 11,475 
the sedimentation tank 7,500 
includes sludge scrapers 
(Robert, EPA 79 (30)). 
10 Electricity and 2,295 
instrumentation ·for the 1,500 
sedimentation tank 
(Robert, EPA 79(30)). 
11 pH meter controller 551 
(SERFILCO, 94 ( 3 0) ) . 
12 Immersion Assembly with pH 384 
Sensor (SERFILCO, 94(30)). 
-
13 0.2 hp metering pump with 448 
meter 
(SERFILCO, 94(30)). 
14 Cost Diffuser and Related 5,392 
Piping (Pollution Control 
Inc). 
15 Compress air blower 3,072 
(Robert, EPA 7 9 ( 3 0) ) . 2,000 
16 Sand filter includes, -sand 29,600 
filter, troughs, pumps, back 
wash tanks, pipes and valves 
(Great Lakes Environmental 
Inc, 94) . 
17 The cost of the storage pond 22,000 
(Modular Tank, 94). 
-
18 Labor Cost for construction 
of the storage pond Include 2,100 3,213 
constructing storage tank, 
fitting pipe and valves, and 
fixing the flow controlling 
panel, and the solenoid 
valves (Robert, EPA 79(30)). 
21 Excavation and site work for 500 765 
the storage pond (Robert, 
EPA 79(30)). 
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22 Cost of pipes and valves 200 306 
(Robert, EPA 79(30)). 
23 Cost of 152 kg capacity 2,600 
volumetric dry lime feeder 
(SERFILCO, 94 ( 3 0) 
24 Cost of 8 kg capacity 1,300 
volumetric dry potassium 
permanganate feeder 
(SERFILCO, 94 ( 3 0) 
25 Engineering contingency 4,032 
26 Total cost 110,000 
Abstract Estimation of Operation and Maintenance of 
Aeration- Sedimentation-Pi1tration System per year. 
Description Cost Cost 
in$ in $ 
1979 1994 
1 Cost of the lime feed 1,100 1,689 
including chemical and power 
for pumping, pH meter, and 
metering pump 
(Robert, EPA 79(30)). 
2 Operation cost of the 156 240 
potassium permanganate 
include chemical cost, power 
cost and feeder maintenance 
(Robert, EPA 79(30)). 
3 Operation cost of air 250 384 
diffusers include power 
cost, cleaning cost and its 
maintenance 
(Robert, EPA 79(30)). 
4 Operation and maintenance 72 112 
cost of the sedimentation 
tank 
(Robert, EPA 79(30)). 
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5 Operation filters include 496 761 
power cost of the pumps, 
cleaning of the filters and 
its maintenance (Robert, EPA 
79(30)). 
6 Total cost. 
Cost index (Dodge 94). 
Cost 94 = cost 79 x cost index 94 
cost index 79 
4,099 
= cost 79 x ~ = 
1.8 
1.53. 
Reliability: Every treatment facility must be so designed 
that, when properly operated, it should produce 
continuously the design rate of flow and meet the 
established water quality standards. All equipment must 
function satisfactorily throughout the entire potential 
range in flow rates from the lowest to the highest. 
Fr_equently, equipment designed to operate satisfactorily 
within or average flow conditions will not perform 
accurately at extremely high or low flow rates. Facility 
must be provided for the operator to determine what 
quantity of water is being treated so that the chemical 
feeders may be properly adjusted without relying on 
frequent laboratory jar tests. In plants where future 
expansions are planned, equipment can be developed in 
modules to provide flow metering within acceptable accuracy 
limits. This can be done by conducting a pilot plant scale 
study or in a ~rototype system. Montgomery (15) stated 
that the provision must be made to alert the operators to 
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changes in raw water quality, whether gradual or rapid. 
This may be accomplished by: (1) providing sufficient 
laboratory facilities for the operator to perform periodic 
tests of the critical constituents in the source water; (2) 
Continuous recorders with an alarm to alert the operator 
when unusual raw water conditions occur; and (3) periodic 
detailed analysis by a competent laboratory of trace 
metals, pesticides, organics, and so on. 
Similar provisions must be made to alert the operator 
when the quality of the finished water quality doesnot meet 
prescribed standards,_ either as a result of a change in the 
raw water quality or a change in the rate of flow without 
corresponding adjustment of the chemical feed, or from a 
malfunction of some of the chemical feeding equipment. 
The factors affecting the reliability of different 
parts of the coagulation-flocculation-sedimentation system 
are. 
Description Factor Affecting the 
Reliability of the 









The reliability of the 
coagulation-flocculation 
system depends upon the 
operation of the mechanical 
mixers. The mixers should 
be operated such that the 
optimum dosages of the 
chemicals are applied. 
Immersion Assembly The reliability of 
with pH Sensor. Immersion of Assembly with 
pH Sensor depends upon 
maintenance of the pH 
Sensor. The pH Sensor often 
clogged either by suspended 
solids or by chemical added 
to the leachate solution. 
Care must be taken in the 
selection of the sensor to 
ensure that it is suitably 
matched to the environment. 
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They may have to be 
hardened to the anticipated 
environment, such as high 
humidity temperature, 
vibration and dust. While 
standard, field-proven 
equipment should be 
selected, the 
specifications should also 
reflect constraints imposed 
by the process media and 
environment. The sensor 




maintenance should b 
installation and 
maintenance should be 
rigorously followed~ 





The reliability of the 
Sedimentation System will 
be depend upon the 
maintenance. The sludge has 
to removed before the 
sludge hopper gets full. 
Otherwise there is a 
possibility of suspended 
solids flow out of the 
system. The sludge-blanket 
depth should be monitored 
daily. The density of the 
sludge on the floor in the 
compression zone should be 
monitored weekl_y. A 
comparison of the average 
terminal density of the 
compression-zone (bottom-
layer) sludge and the 
density of the underflow 
discloses whether the 
mechanics of sludge 
blowdown are yielding as 
dense sludge as possible. 
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r 
The factors affecting the reliability of the different 





Factor Affecting the 
Reliability of the 
Different Parts in the 
System 
The reliability of fine 
pore diffusion system is 
determined by maintenance 
requirements and mechanical 
integrity. Maintenance is 
required for two primary 
reasons; to control 
diffuser clogging (and thus 
maximize the Oxygen 
Transfer Efficiency) 
and to replace diffuser 
components when they 
deteriorate. In reviewing a 
diffusion system for 
mechanical integrity, each 





with pH Sensor. 
considered as critical 
components are the diffuser 
material, diffuser 
supports, diffuser 
connections, piping support 
and submerge air piping. 
The reliability of 
Immersion of Assembly with 
pH Sensor depends on the 
maintenance of the pH 
sensor. The pH sensor is 
often clogged either by 
suspended solids or by 
chemical added to the 
leachate solution. Care 
must be taken in the 
selection of the sensor to 
ensure that it is 
suitably matched to the 
environment. They may have 
to be hardened to·the 
anticipated environment, 
such as high humidity 
temperature, vibration and 
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3 Filtration 
dust. While standard, 
field-proven equipment 
should be selected, the 
specifications should also 
reflect the constraints 
imposed by the process 
media and environment. The 
sensor are considered 




maintenance should be 
rigorously followed. 
The reliability of the 
Filtration depends up~n 
maintenance requirements 
and mechanical integrity. 
The filter becomes clogged 
with suspended solids,so 
there is insufficient head 
to maintain the designed 
rate of flow. The filter 





precautions always be taken 
when backwashing a filter 
to prevent the disruption 
of the media. A rapid 
application of the backwash 
water cause a globular 
surge that will overturn 
media over certain spots.In 
reviewing a filtration for 
mechanical integrity, each 
of the components should be 
considered as critical 
components are sand filter, 
troughs, pumps and valves . 
The reliability of the 
Sedimentation System will 
be depend on the 
maintenance. The sludge has 
to removed before the 
sludge hopper gets full. 
Otherwise their possibility 
of suspended solids flow 
72 
out of the system. The 
sludge-blanket depth should 
be monitored daily. The 
density of the sludge on 
the floor in the 
compression zone should be 
monitored weekly. A 
comparison of the average 
terminal density of the 
compression-zone {bottom-
layer) sludge and the 
density of the underflow 
discloses whether the 
mechanics of sludge 
blowdown are yielding as 
dense sludge as possible. 
The equipments provided and the total cost of the 
equipments required in the aeration-sedimentation-
filtration system are more than in the coagulation-
flocculation-sedimentation system. The operator requires 
more skills and more supervision for the aeration-
sedimentation-filtration system than the coagulation-
flocculation-sedimentation system. The maintenance and 
73 
mechanical integrity of the equipment required in the 
aeration-sedimentation-filtration system are greater than 
the maintenance and mechanical integrity of the equipments 
required in the coagulation-flocculation-sedimentation 
system. Thus the chances of equipments failure in the 
aeration-sedimentation-filtration system is greater than in 
the coagulation-flocculation-sedimentation system. 
Considering all these factors the coagulation-flocculation-
sedimentation System is recommended as the treatment system 




Conculsions and Recommendations 
Conclusions: Based on the results obtained from this 
study, the following conclusions can be drawn: 
1) The regression models can be developed using any 
programming languages to find the variables which influence 
the response ?f the dependent variable and to form the 
equation from the obtained parameter estimates of the 
variables used in the process control. 
2) The desired true mean value of the overflow rate was 
obtained for different column batch study experiments. 
3) The least cost design of the coagulation-flocculation-
sedimentation system was evaluated. 
4) The construction cost of $75000 of the coagulation-
flocculation-sedimentation system, and the operation and 
maintenance cost of$ 2,400 of the coagulation flocculation 
and sedimentation tanks were obtained. 
5) The construction of $110000 of the aeration-
sedimentation-filtration system, and the operation and 
maintenance cost of $4099.58 of the aeration-sedimentation 
-filtration system were obtained. 
6) The cost effective coagulation-flocculation-
sedimentation system is recommended for treating the 
leachate. 
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Re~ommandationa: The dynamic modelling has to be done for 
the prototype system to evaluate the minimum cost of 
operation and maintenance, and maximum efficiency of the 
system. The dynamics in a waste water treatment plant 
covers a wide spectrum from minutes to months. For any 
operator it is well known that the plant responds to 
disturbances widely. A dynamic model reflects the plant 
behavior, both its response to external disturbances and 
its inherent character. This model is in a sense a 
condensed version of available knowledge of the plant 
behavior after construction of the system. 
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Appendix A 
7.1) Calculation• of the Velocity gradient• in the Jar Test 
The following calculations were made before conducting 
the second series of the experiments. The power numbers for 
different speeds as been obtained from Power curve for 
Phipps and Bird paddle in the Hudson jar. In this curve the 
power number has been plotted against Reynolds number 
(Phipps and Bird(l6)). The curve has enclosed in the 
following page 
Viscocity µ = 0. 893 x 10-6 N. S/m2 / @ 25°c 
Diameter of the Paddle= 7.6 cm 
Volume of the leachate solution= 1 L 
Speed of the rapid mixing= 100 rpm 
Reynolds Number for 100 rpm R100 = 7. 62 (cm) x .lQ.Q. (rpm) 
1002 (cm/ml 60 (sec) = 
10780.142 
0.893 x 10-6 (N.S/m 2 ) 
Power curve number for 100 rpm= 3.818 
Reynolds number for 15 rpm 
1617.02 
Power curve number for 15 rpm 
Reynolds number for 10 rpm R10 
Power curve number for 10 rpm 
R15 = 7. 62 (cm) x 1..5.(rpm) 
1002 (cm/m) 60(sec) = 
0.893 x 10- 6 (N.S/m 2 ) 
= 3.818 
= 7.6 2 (cm) X l0(rpm) 
1002 (cm/m) 60(sec) = 1078.142 
0.893 x 10-6 (N.S/m 2 ) 
=4.000 
Reynolds number for 5 rpm R5 = 7.6 2 (cm) x S(rpml 
1002 (cm/m) 60(sec) = 539.00 
0.893 x 10-6 (N.S/m 2 ) 
Power curve number for 5 rpm= 5.044 
Power Input P (Watt) = 8 pn3D5 (Phipps and Bird 30)) 
where 8 = Impeller Power Number, Unitless 
p = Mass density of Fluid, Kg/m3 
n = Number of revolution per second 
D = ImpelJer diameter, m 
Power Input for 100 rpm P100 
81 
= 3.818 x 1000(kg/m3) x (100) 3 (rpm)3 x (7.6) 5 (cm) 5 
(60) 3 (sec/min) 3 (100) (cm/m) 5 
= 0.044817 Watt 
Power Input for 15 rpm P15 
= 3 .818 X 1000 X (15) 3 X (7 .6) 5 = 1.512 X 10- 4 Watt 
(60) 3 (100) 5 
Power Input for 10 rpm P10 
= 4 . 0 0 0 X 10 0 0 X ( 10) 3 X ( 7 . 6) 5 = 4 . 6 9 5 X 1 o-s Watt 
(60) 3 (100) 5 
Power Input for 5 rpm P5 
= 5.044 X 1000 X (5) 3 X 
(60) 3 
< 7 . 6 > s = 7 . 4 o 12 x 1 o-6 watt 








gradient for 100 rpm= ✓P/Vµ 
0.044817(Watts) = 224.40 sec- 1 
x 10- 3 (N.S/m 2) x (1000)- 3 (m3 /L) 
gradient for 15 rpm= ✓P/Vµ 
1.5125 x 10-'(Watts) = 13.037 sec- 1 
x 10- 3 (N.S/m 2 ) x (1000)- 3 (m3 /L) 
gradient for 10 rpm= ✓P/Vµ 
x 10- 5 (Watts) x 1000 ( cm3 /L) = 7. 2364 sec- 1 
X 10- 3 (N.S/m 2 ) X (1000)- 3 (m3 /L) 
Velocity gradient for 5 rpm= ✓Pv/µ 
=J 7. 401 x 10- 6 (Watts) x 1000 ( cm3 /L) = 2. 8837 sec- 1 
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i;,..-A AJ INPlTT OB Xl X2 X3 V JOPTIOM LS•64-1 
CARDS; 
1 600 2.8837 300 193.596 
2 600 2.8837 325 201.Cill 
3 600 2.8837 350 201.221 
4 600 2.8837 375 207.825 
5 600 2.8837 400 209. 762 
6 600 2.8837 Ci25 214i.044 
7 600 2.8837 Ci50 221.061 
8 600 2.8837 Ci75 225.382 
9 600 7.236Ci 300 19Ci.357 
10 600 7.2364 325 200.627 
11 600 7.236Ci 350 201.304 
12 600 7.236Ci 375 207.Cil0 
u 600 7.2364 00 209.845 
14 600 7.2364 Ci25 214i.795 
15 600 7.2364 Ci50 224.Sa& 
16 600 7.2364 475 231.086 
17 600 13.0370 300 1'4i.Ci66 
18 600 13.0370 325 204i.582 
19 600 U.0370 350 201.845 
20 600 13. 037-0 375 203.793 
21 600 13.0370 00 210.134 
22 600 U.0570 Ci25 214.Ci46 
23 600 13.0370 Ci50 225.832 
24 600 u. 0370 475 233.098 
25 900 2.8837 300 194i.846 
26 900 2.8837 325 202.19Ci 
27 900 2.8837 350 203.615 
28 900 2.8837 375 203.615 
29 900 2.8837 Ci00 210.004 
30 900 2.8837 425 21S.751 
31 900 2.8837 450 22Ci.124 
32 900 2.8837 Ci75 232.365 
3:5 900 7.236Ci 300 191. 088 
34 900 7.236Ci 325 200.627 
35 900 7.2364 350 199.92 
36 900 7.2364 375 209.355 
37 900 7.2364 4i00 208.884 
38 900 7.2364 425 21Ci.23 
39 900 7.2364 450 222.043 
40 900 7.2364 475 233.278 
41 900 13.037 300 192. 234 
42 900 13.037 325 202.734 
4:5 900 13.037 350 202.721 
44 900 U.037 375 208.778 
45 900 U.037 00 210.978 
46 900 U.037 425 215.086 
47 900 13. 037 Ci50 224.186 
48 900 13.037 Ci75 235.100 
49 1200 2.8837 300 192. 706 
so 1200 2.8837 325 197.183 





























































































































































































































































































































































































































































































































































































































































































































































































Forward Selection Procedure for Des,.; • .;.i,t Var 1ab I• \-
Step 1 Variable X3X3X5 Entered 
C(p) • 34.4,4573,o 


















Bounds on cond1t1on nu•ber: 













Su111 of Squeres 
369080. 1,5504°' 
977,. 7'7S5956 
Step 2 Variable X5X5 Entered 
C(p) • 32.894001'4 























Bounds on cond1t1on number: 



















Step 5 Verlable X5 Entered 
C(p) s 11.,55287S1 





Su111 of Squares Heen Square 
9876.19612090 5292.75204050 
7.j) Output of the Regression Model I 
86 
Tht SAS Syst•"' 
21:56 Frld ■y, H■rch 11, 
785.12 
Error 















Est 1m■ te 








Bounds on cond1t1on nu•btr: 
28S.913773'2 
1016'.10989'32 
St ■ nd ■rd 
Error 












Step 4 V■r1 ■ bl ■ X2X5X3 Entered 
C(p) s ll.688ti068l 
R-square = 0.9725i'360 
OF Sum of Squares Hean Square 
F Prob>F .. :·•. -~-
Regression ' 9885.5,828289 2'47 l.;58707072 S9'.ti2 0.0001 
Error '7 278.56Ullti3 ,.1S7'3599 
Tot ■ l 71 1016~.10989'32 
Parameter Standard Type Il 
Var 1abh Est1111 ■ te Error Su111 of Squares 
F Prob>F 
INTERCEP -271.651,8675 100-.,21•ise,2 30.296501'2 
7.29 0.0086 
X3 3.66228075 0. 79'3'690 67.93163391 
21.15 0.0001 
X3X3X3 0.00000889 0.00000178 103.0,376600 
2,.1e 0.0001 
X2X3X3 0.000000ti8 0.00000036 7.35216199 
1.77 0.1881 
X5X5 -0.00970087 0.00207'52 90.75902472 
21.82 0.0001 
Sounds on condition nu~b•r: 1,117'.9, ee8,23.7 
Step 5 Yarl ■ ble XlX5X3 Entered 
C(p) • 12.41802101 






Su111 of Squares He ■ n Squ■r• 
9890.35067'24 1978.07013525 
The SAS Syste■ ~:;. 5 
2lz5& Friday, Harch 11, 1,,, 
28.87 0.0001 
X2XlXl 0.000001!52 o. 0000006' 15.!5509526' 
, . 30 0.0,22 
XlX!5X3 0.00000020 0.00000007 !51.!51558,28 
8. 77 0.00,3 
X2X3X3 0.00000956 0.00000333 29. 325 l ,227·. 
8.22 0.0056 .r:1•,, 
XlXlX!5 -0.0000000, 0.00000002 23. 078057~. 
6.'7 0.0135 
X3X3 -0.00,,512, 0.0019256' 95.30,53376 
26.71 0.0001 
-~-
Bounds on condition nu■ber: 1,aos,-: • l 7903i'°2 
----------------------------------------------------------------. ·' 
No other variable ••t th1 0.5000 sitnlficance level for entry 
into the ■odd. •• -c 
Summery of Forward Selection Procedure for Dependent Var hble 
Var 1abh Number Part lal Hodel 




l X3X3X3 l 0.9619 0.9619 3'-'"' 
11u.8,,5 0.0001 
2 X3X3 2 0.0013 0. 9632 32 .·89'0 
2.'9ll O.ll91 
3 X3 3 0.0087 0.9719 ll. 6335 
20.9131 0.0001 
' X2X3X5 ' 0.0007 0. 9726 ll.688'i 1.768' 0.1881 
5 XlX!5X5 5 0.0005 0.9731 12.,180 
1.1578 0.2858 
6 XlX2X3 6 0.0025 0.9756 7.6070 
6.7,80 0.0116 
7 XlXlX5 7 o.oooe 0.976' 7 .5!551-
2.0870 o .1s3, 




The SAS Syste• ' 21:36 Friday, Karch 11, 199' 
Dep Ver Predict Std Err Std Err 
Obs V Value Predict Rasldual Residual 
1 195.f. 19'·' o.,66 -0.83~0 1.759 
2 201 ., 199., 0.512 2.0,12 1.816 
5 201.2 202.9 0.555 -l .6'75 1.812 
' 207.6 205.6 o.su 2. o~" 1.817 5 201.6 206.9 o.s1, 0.628' 1.800 
' 21,.0 215.2 0. 712 o.ee31 1.750 7 221.1 219.5 0.8'1 l. 7672 1. f.61 
6 225., 226. 2 1. 171 -,.7850 1.,85 
1 19,., 19,.s 0.'75 -0.1656 1. 76' 
10 200.6 199 ., .,76 .1.0055 1.826 
11 201.5 205., .,60 -2.0'-9' 1.627 
12 201., 20,.s .,5, 0 .8'71 1.851 
15 209.6 210.0 -~51 -0.1801 1.655 
1' 21~-6 21'. f. .555 0.1620 1.812 .,.-··· 
15 22,.6 221.2 .59' 5.5665 1.795 : 
16 251.1 250.f. .657 0.5276 1.69' 
c·-
1 7 19'.S 19,. 6 .716 -0.1701 1.1,1 
16 20,., 200.0 .ss, ,.u21 1.612 
19 201.6 20,.0 .556 -2.15'-8 1 . e.::o.s 
20 205.6 207.6 .561 -5."7657 1.ao, 
21 210.1 211.S .657 -l.5'-57 1. '79 
22 21'., 21,.6 . 771 -.2. 1'97 1.'725 
25 225.6 225.7 .890 2. 0925 f .666 
2, 255.1 255.7 . 156 -0.6'67 1.506 
25 19'.6 19'.S 0. 6'1 0.5595 .-.11, 
26 202.2 199 .6 • '" 2.,058 1.651 27 205.6 205.7 .sos -0.10,9 1.620 
26 205.f. 20 7. 1 .'96 -!L 5195 1.825 
21 210.0 210.9 .555 -0.6607 1 .812 
50 215.7 215.7 .605 -0.0121 1.769 
51 22, .1 222., .627 1.5190 1.762 
52 252., 252. 5 . .so, 0.08,0 1. 701 
55 191.1 19'. 5 .615 -5.22'5 1.786 
3, 200.6 199 .S .,16 1.0981 1.8,5 
55 199.1 205., .,5, -5.527' 1.857 
56 209., 206.9 .515 2.,s,5 1.e,1 
57 206.9 210.7 .,02 -1.8579 1 .8'6 
56 21,.2 215.7 .,s6 -1.s1,o 1 .655 
39 222.0 222.6 ·"6 -0.7561 1.855 
,o 255.5 252.7 0 .6'5 0.5555 1. 776 
'1 192.2 1,,. 1 0.672 -1.61'6 1.765 
,2 202.7 199. 2 0.515 5.5507 1.816 
,5 202.7 205.l o:so -0.5655 l .806 
'' 208.6 206.6 
0.551 2. 1686 1.815 
,s 211.0 210.s o.s,6 o.,,6, 1.808 
" 215.1 215.7 0.601 -0.6560 1. 791 ,1 22,.2 225. 1 0.605 l. 126' 1.790 
'8 255.1 255.5 O. 777 1.7667 1.722 
" 192.7 195.2 0.966 -0.0,2 l .'11 so 197.2 198.7 0 .600 -1.,815 l. 711 
51 20,.5 202.9 0.1,5 1 . , 127 1. 757 
52 206.0 206.6 0.651 1.,257 1.770 
55 208.9 210.7 0.626 -1.8525 1. 762 





<,,! DATA A; INPUT 08 Pl P2 P5 P ;OPTION LSc6,; 
X)zLOG(Pl);X2cLOG(P2)J X5cLOG(P5)J V=LOG(PJ; 
CARDS; 
.lt" 
1 600 2.6657 500 195.S'H, 
2 600 2.6657 52,5 201.,11 
!'" 5 '600 2.M57 55,,0 201.221 
' 600 2.6657 575' 207.625 
e � 5 (, 00 2.6657 ,oo 209.762 
6 ,oo 2.6657 ,2s 21,.0,, 
� 7 600 2.6657 1;50 221.061 
6 600 2.6657 ,1s 225.562 
9 600 7 .256' 500 19'.557 
10 600 7.256' 525 200 .627 
l 11 600 7.256' 550 201.50, 
12 600 7.256' 575 201.,10 ;�·· 
I!' � 15 600 7. 256' 1;00 209.6'-S 
t'·· 1, 600 7.256'- 1;25 21'-- 795 
� 15 600 7.256'- ,so 22,.566 
16 600 7.256'- ,1s 251.066 
1 7 600 15.0570 500 i,t;. '-66. . , 
16 600 15.0570 525 20,.5e2 
19 600 15.0570 !so 201.6,5 
20 600 15.0570 575 205. 79·5
:!' 
21 600 15.0570 '-0 0 210.15'-
22 600 15.0570 '-25 21'--''-6
-t! 25 600 15.0570 '-50 225.652
2'- 600 15.0570 ,1s 255.096 
25 900 2.6657 500 191;.61;6 � 26 900 2.6657 525 202.19'-
27 900 2.6657 550 205.615 
-� 26 'JOO 2.6657 575 205.615 
29 900 2.6657 ,oo 210.00'-
50 900 2.6657 ,25 215.751 
51 900 2.6657 ,so 22,.12, 
,.. 52 900 2.6657 ,15 252.565 
55 900 7.2561; 500 191.066 
� 5, 900 7.256' 525 200.627 
55 900 7.256'- 550 199.92 
56 900 7.256' 575 209.555 
57 900 7.236' ,oo 206.66' 
� 56 900 7. 236' ,2s 21,.25 
59 900 7. 256' ,so 222.0,3 
$ ,o 900 7.256'- ,1s 255.276 
"1 900 13.057 500 192.25' 
� ,2 900 15.057 525 202.75' 
,5 'JO 0 15.057 550 202.721 
,, 900 15.057 375 206.776 
,s 900 13.057 ,oo 210.976 
-.t '6 900 15.057 ,2s 215.066 
,1 900 15.057 ,so 22,. 186 
,e 900 15·, 057 ,15 255.100 ; 
,9 1200 2.6657 500 192.706 










































































































































































































































































































































































































































Forward Selection Procedure for Dependent Variable V 
Step 1 Variable X5 Entered 
C(pJ • o.5127570' 
OF 




Tot ■ l 71 












Bounds on condltlon number: 




St ■ ndard. Type 11 
Error Sum of Squares 
0.07152018 o.,7565'16 
0.01201926 o. 2oe,s, 76 
1 • 
No other v ■ rl ■ ble met th• O.S000 slgnlflcance level for entry 
Into th• 111odel. 
Sulllfflary of Forward Selection Procedure for Dependent Variable V 
Varlebl• Number Pertlal Hodel 
Step Entered In R••2 R••2 
F Prob>F 
1 X5 . I 0.c1271 0. Cl 271 
ee,.sess 0.0001 




The SAS Syste■ 2 
21:55 Friday, Harch 11 , .,,4 
Dep Var Predict Std Err Std Err 
Obs V Value Predict Residual Ras idual 
1 S.2658 5.2601 o. 003 0.00567 . 15 
2 5.5055 5.2888 0.003 0.0165 . lS 
5 5.:S044 5.:Sl54 0.002 -0.0110 lS 
' 5.:S:S67 5.:s,01 0.002 
-0.003,0 . lS 
s 5. :s,60 5.:S6:S2 0.002 -0.0175 . 15 
6 5.3662 5.:S850 0.002 -0.0188 . lS 
7 5.:S98' 5.,055 o.oo:s -0.00702 . IS 
e 5.,089 5.,2,8 o. 003 -0.0160 IS 
' 5- 2697 5.2601 o.oo:s 
o. ons, . lS 
10 5.:so1, 5.2888 o. 003 0. 0126 . lS 
11 s.:so4e s.:s15, 0.002 -0.0106 . 15 
12 5.5:s,1 5.:s,01 0.002 -0.005'° . IS 
15 5.:s,u 5.:S6:S2 0.002 -o. ou, . IS 
1, 5.3697 5.:S85o 0.002 -0.0155 0.01s 
lS 5.,1,5 5.,o55 o.oo:s 0.00881 o.0IS 
u 5.,,28 5.,2,8 o.oo:s 0.017' 0.015 
17 5.270!5 5. 2601 o.oo:s 0.0102 0.01s 
18 5.5210 5.2888 o. 003 0.0322 0.01s ., S.:S075 s.:s15, 0.002 -0.00787 0.0lS 
20· 5.5171 s.:s,01 0.002 -0.02:so o.0IS 
21 5. :s, 77 S.:S6:S2 0.002 -er. o 155 0.01s 
22 5.:S68l 5.:seso 0.002 -0.0169 0.0lS 
25 • 5.,ue 5.,o5S o.oo:s 0.01,5 0.01S 
2, s.,515 5.,2,e 0.003 o. 0266 . 15 
2S 5.2722 5.2601 o. 003 0.0121 . IS 
26 5.5092 5.2888 o.oo:s 0. 02°' . lS 
27 5.51,2 5.5154 0.002 0. 00086' . lS 
28 S.5162 5. :s'° 1 0.002 -0.025, lS 
2, 5.5,11 5.:S6:S2 0.002. -0.0161 . IS 
50 s.:s7'° 5.:se5o 0.002 -0.010, . lS 
!51 5.,122 5.'°ss 0.005 0.0067' . IS 
52 S."-8!5 5.,248 o. 003 o.02!5S . JS 
H 5.2527 S.2601 0.005 -0.00757 . IS 
54 5.:so1, S.2888 0.003 0.0126 . 15 
5S 5.2979 s.:s15, 0.002 -0.017, JS 
56 5.:S'-'0 5. :S'° I 0.002 0.00595 15 
57 5.5418 5.5632 0.002 -o.021s . IS 
!58 5.3671 5.5850 0.002 -0.0179 . JS 
59 5.,02, 5.,os5 0.005 -0.00259 0. 15 
40 5.,s22 5.,248 0.005 0.0274 0. 15 
41 5.2S87 S.2601 0.005 -0.00159 0. 15 
42 5.5119 5.2888 0.005 0.0251 0.015 
,:s 5.5118 5.5154 0.002 -0.0055' 0.015 
,4 5.5415 5. 5'° l 0.002 0.00117 0.015 
,s 5.5518 5.3652 0.002 -0.0115 0.015 ,, 5.5710 5.:S85o 0.002 -0.0159 0.015 
47 5.,125 5.,oss 0.005 0.00702 0.015 
48 5. '600 5.,248 0.005 0.0552 0.015 
" 5.2612 s.2601 0.005 0.00106 
0.015 
50 5.2841 5.2888 0.005 -0.00467 0.015 
SI 5.51" 5.3154 0.002 0.00405 0.015 
52 5.5576 5. :s,01 0.002 -0.002,1 0.015 
55 5.5418 5. 5652· 0.002 -0.0215 0.015 
























































































































































































































7.7) output of the Trial and Error Method, Sort I 
OBS XI X2 X3 y 
1 600 2.8837 06 209.939 
2 600 2.8837 07 210.091 
3 uo 2.8837 oe 210.245 
4 600 2.8837 09 210.01 
s 600 2.8837 410 210.559 
6 600 2.8837 411 210.719 
7 600 2.8837 412 210.881 
8 600 3.0837 405 209.839 
9 600 3.0837 06 209. 990 
10 600 3.0837 ,01 210.142 
11 600 3.0837 08 210.296 
12 600 3.0837 ,09 210.~53 
13 600 3.0837 ,10 210.611 
1, 600 3.0837 ,11 210.772 
IS 600 3.0837 ,12 210.935 
1' 600 3.2837 ,os 209.888 
17 600 3.2837 06 210.0,0 
18 600 3.2837 ,01 2111 ;193 
19 600 3.2837 ,08 210.348 
20 600 3.2837 ,09 210.505 
21 600 3.2837 ,10 210.u, 
22 600 · 3.2837 ,11 210.826 
23 600 3.2837 ,12 210.989 
24 600 3.4837 OS 209.938 
25 600 3.4837 406 210.090 
26 600 3.4837 ,01 210.244 
27 600 3.4837 ,08 210.399 
28 600 3.4837 09 2i0.557 
29 600 3.4837 ~ ,10 210.717 
30 600 3.4837 ,11 210.879 
31 600 3.6837. ,o, 209.837 
32 600 3.6837 ,05 209. 987 
33. 600 3.6837 06 210.140 
34 600 3.6837 07 210.295 
35 600 3.6837 ,08 210.451 
36 600 3.6837 09 210.609 
37 600 3.6837 41 0 210.770 
38 600 3.6837 411 210.933 
39 600 3.8837 04 209.886 
tlO 600 3.8837 ,os 210.037 
,1 600 3.8837 '°' 210.190 ,2. 600 3.8837 ,01 210.345 
,3 600 3.8837 ,08 210.502 
" 600 3.8837 09 210.662 45 600 3.8837 410 210.823 
" 600 3.8837 411 210.986 ,1 600 4.0837 ,04 209.93' 
48 600 ,.0837 405 210.087 
" 600 4.0837 406 210.20 so 600 4.0837 07 210.396 
SI 600 4.0837 08 210.554 
52 600 4.0837 09 210.714 
55 600 4.0837 ,10 210 .876 
54 600 4.2837 403 209.833 





















































































































































































































7.9) output of the Trial and Error Netbod, sort rr 
,s ><1 ><2 ><5 V 
1 ,oa 12.6657 511 20,.664 
2 ,oo 12.&6!57 511 20,.,05 
5 600 11.88!57 392 209.656 
'- 600 12.0637 592 20, .69& 
5 600 12-2837 392 209.959 
6 600 12.t.837 392 209.961 
7 600 12.6&37 592 210. 02!5 
& 600 12.6837 392 210. 065 
9 600 11. 0837 393 209.6'-'-
lO 600 11 .2637 395 209.666 
11 600 11.t.837 395 209. 929 
12 600 11 .6837 593 209. 971 
15 600 l l .&637 593 210.013 
Ito 600 12. 0837 393 210. 056 
15 600 12.2837 395 210. 09& 
16 600 12.t.637 593 210.ltiO 
17 600 12.6637 393 210.183 
16 600 12.6837 593 210.225 
19 600 10.2837 39;. 209 .629 
20 600 10.ti837 39ti 2Q.9~672 
21 600 10.6637 39;. 209 .115 
22 600 10.6637 39ti 209.95& 
25 600 11. 0637 59;. 210.001 
2'- 600 11.2837 39ti 210. Gt.to 
25 600 -- . 11 .t.837 39;. 210.086 
26 600 11.6837 59'- 210 .129 
27 600 11 .8837 39ti 210.172 
28 600 12.0837 39ti 210.215 
29 600 12.2837 39ti 210.256 
50 600 12.t.837 59ti 210.301 
51 600 12.6837 59;. 2i0.3titi 
52 600 12.8837 39ti 210.387 
53 600 9.6837 395 209.85'-
!5ti 600 9.8837 395 209.898 
!55 600 10.0837 595 209.9til 
56 600 10.2837 395 209.96'-
!5 7 600 10.ti837 595 21 .028 
se 600 10.6837 595 21 .071 
!59 600 10.8837 595 21 .115 
'- 0 600 11. 0637 595 21 .158 
41 600 11.2837 595 21 .202 
42 600 11.4837 595 21 .2ti5 
45 600 11 .6857 595 21 .289 
44 600 11.8837 595 21 .333 
45 600 12.0837 595 21 .376 
46 600 12.2837 395 21 .ti20 
47 600 12.4837 395 21 .463 
48 600 12.6837 595 21 .507 
49 600 12.8837 595 21 .550 
50 600 e.8657 596 209.853 
51 600 9.0857 596 209.877 
52 600 9.2837 596 209.921 
55 600 9.4837 596 20,. 965 
54 60D 9.,857 596 210.00CJ 











































































































































































































































































6 .~ ! . 
7 .11) output of the Trial and Error Method, Sort n:x 
OBS J<l )(2 JCS V 
1 ,oo 2.6837 C.06 209. 959 
2 uo 2.8857 407 210.091 
3 uo 2.8857 4oe 210.2c.s 
4 600 2.8857 409 21 O. UI 
5 600 2.8857 410 210.5S9 
6 600 2.8857 411 210.719 
7 600 2.8857 412 210.881 
8 601 2.8857 406 209.949 
9 601 2.8857 407 210.101 
10 601 2.8857 4oe 210.255 
11 601 2.88!57 409 210.411 
12 601 2.8e!57 410 210 .569 
15 601 2.8857 411 210.729 
14 601 2.8857 412 210.891 
15 602 2.88!57 406 209. 9S9 
16 602 2.88!57 407 210.111 
17 602 2.8857 408 210.265 
18 602 2.8857 409 210.421 
19 602 2.88!57 410 210.S79 
20 602 2.8857 411 210.759 
21 602 2.8857 412 210.901 
22 605 2.8837 406 209. 969 
25 605 2.88!57 407 210.121 
24 60!5 2.8857 40e 210.275 
2S 605 2.8857 409 210.4!51 
26 605 2.88!57 410 210.5e1 
27 605 2.8857 'ill 210.7'i9 
28 605 2.8857 412 210.912 
29 60'i 2.8857 405 209 .828 
50 604 2.8857 406 209.978 
51 604 2.8857 407 210.151 
52 604 2.ee57 40e 210.28S 
55 604 2.ees1 409 210.441 
54 604 2.8857 410 210.599 
55 604 2.ee57 411 210.759 
56 604 2.88!57 'il2 210.922 
57 60S 2.8857 405 209 .858 
58 60S 2.ee57 406 209. 1ee 
59 60S 2.88!57 407 210.140 
40 60S 2.8857 406 210.29S 
41 605 2.8857 409 210.451 
42 605 2.8857 'i 10 210.609 
4!5 605 2.88!57 'ill 210.770 
44 60S 2.8857 412 210.932 
45 606 2.8857 405 209.847 
'6 606 2.8857 406 209. 998 
47 606 2.8857 407 210.150 
4e 606 2.8857 4oe 210.50'i 
49 606 2.8857 409 .210.'61 
so 606. 2.8857 'i 10 210.619 
51 606 2.8857 411 210.780 
52 606 2.88!57 412 210.942 
53 607 2.8857 40S 209.857 
54 607 2.88!57 406 210.007 











































































































































































































































































































































1.13) output of the Trial and Error Method, Sort :rv 
OBS )( 1 ><2 X3 ¥ 
1 9U 2.8857 593 209";8~5 
2 961 2.8837 513 201.e~, 
5 962 2.8857 593 209.80 
~ 965 2.8857 595 209 .8~8 
s 964 2.8857 593 209.80 
6 96S 2.8857 593 209 .8S0 
7 966 2.8857 515 201.851 
8 167 2.8857 593 209 .852 
9 968 2.8857 595 209 .852 
1D 969 2.8857 595 209 .855 
11 97D 2.8857 595 209 .854 
12 971 2.8857 595 209 .855 
15 972 2.8857 593 209.856 
14 973 2.8857 595 209.856 
1S 174 2.8857 595 209 .857 
u 975 2.8857 595 ~9.858 
17 976 2.8857 595 209 .858 
18 977 2.8857 595 209 .859 
'19 978 2.8857 595 209 .860 
20 979 - 2.8857 593 209 .860 
21 980' 2.8857 595 209.861 
22 981 2.8857 593 209 .862 
25 982 2.8857 595 209.862 
24 985 2.8857 595 209.865 
25 984 2.8857 595 209 .865 
26 _ 985 2.8857 595 209 .86' 
27 986 2.8857 595 209 .86' 
28 987 2.8857 595 209 .865 
29 988 2.8857 595 209 .865 
50 989 2.8857 595 209.865 
51 990 2.8857 593 209 .866 
52 991 2.8857 595 209 .866 
55 992 2.8857 595 209.866 
54 995 2.8857 595 209.867 
5S 994 2.8857 593 209 .867 
56 995 2.8857 595 209.867 
57 996 2.8857 595 209.868 
58 997 2.8857 593 209.868 
























































































































































































































































































































































































7.15) output of the Trial a...w Error Method, 
Sort V 
~ 
,;t' 08S XI )(2 )( !' V 
v 1 600 12.6857 3, 1 209.86' 2 600 12.8857 l5'1 209.US 
"" 
!\ 601 12.6857 s,1 209.861 
4 601 12.8857 591 20,.,02 
s 602 12.6857 391 209 .8se 
' 602 12.8857 391 20, .899 ....j 7 605 12.6857 591 209 .e55 
e 605 12.8857 591 209 .895 
9 604 12.6857 591 209 .852 
10 604 12.8837 391 209 .892 
11 605 12.6837 591 209 .849 
,ti 12 605 12.8837 591 209 .889 
15 606 12.6857 591 209 .e46 
~ 14 606 12.8837 591 209 .8e6 
15 607 12.6857 591 209 .845 
" 16 607 12.8837 591 209 .e82 17 608 12.6837 591 209 .840 .. ~ le 608 12.8837 591 209.879 
19 609 1-2.6837 591 209.837 
,/ 20 609 12.8837 391 209.876 
21 610 12.6837 591 209.834 
.• 22 610 12.8837 391 209.872 
25 611 12.6837 391 209.850 
.> 24 611 .12.8837 591 209 .869 
25 612 12.6837 591 209.827 
t- 26 612 12.8837 391 209.866 
27 613 12.8837 391 209.862 
2e 614 12.8837 391 209.859 
29 615 12.8837 591 209.856 
30 616 12.8837 391 209.855 
31 617 12.8837 591 209.849 
52 618 12.8837 391 209.846 
55 619 12.8837 591 209.843 
54 620 12.8837 391 209.840 
55 621 12.8837 391 209 .836 
56 622 12.8837 391 209.835 
s 57 625 12.8837 591 209.830 
58 624 12.8837 591 209.827 
~- 39 600 11.8837 592 209.856 
40 600 12.0837 592 209.898 .,,.,. 41 600 12.2857 592 209.959 
42 600 12.4837 592 209.981 
.,,d 45 600 12.6837 392 210.025 
44 600 12.8837 312 210.065 
-, 45 601 l 1.8837 392 209.854 
46 601 12.0837 392 209 .895 
:t 47 601 12.2837 392 201.937 
4e 601 12.4837 312 201.978 
49 601 12.6837 392 210.020 
so 601 12.8857 392 210.061 
;, 51 602 11.8857 512 209.852 
52 602 12.0837 392 209.893 .,. 53 602 12.2857 392 209.934 
54 602 12.4857 592 209.975 

































































































































































































































7.17) Output of the Trial and Error Nethod, Sort VI 
1 The SAS $yst•• 
·.r 1,1S1 S■ turdey, J ■nu ■ry 
.,.- OBS XI ><2 ><3 V 
-! 1 600 12.6837 391 209.864 
2 601 12.68!57 !191 209.861 
3 602 12.6837 !591 209.858 
' 603 12.6837 391 209.85S 5 604 12.6837 !HI 209.852 .... 
6 60S 12.6837 !91 209.8ti9 
7 606 12.6837 391 209.8ti6 
8 607 12.6857 !HI 209.843 
9 608 12.6857 !191 209.8ti0 -~ 10 609 12.6837 !191 209.8!57 
11 610 12.6857 391 209.8!54 -~ 12 611 12.6837 591 209.8!50 
13 612 12.6837 391 209.827 
.,A 1 4 600 12.8837 591 209.905 
IS 601 12.8837 !591 209.902 
v! 16 602 12.84!57 391 209 .899 
17 605 12.8857 591 209.895 
~ 18 6 Oti 12.8837 591- 209.892 
19 605 12.8837 591 209.889 
-~ 20 606 12.8857 591 209.886 
-- 21 607 12.88!57 !591 209.882 
~ 22 608 12.8837 391 209.879 
2!5 609 12.8857 591 209.876 
..,_ 24 610 12.8857 591 209.872 
25 611 12.8857 591 209.869 
26 612 12.8857 591 209.866 
27 61!5 12.8857 591 209.862 
;J-
28 614 12.8857 591 209.859 
29 615 12.8857 591 209.856 
> 
30 616 12.8857 591 209.855 
51 617 12.8857 591 209.849 
!52 618 12.8857 591 209.8ti6 
~ 33 619 12.8857 591 209.843 
3ti 620 12.8857 591 209.&tiO 
35 621 12.8837 591 209.856 
36 622 12.8837 591 209.833 
"" 37 623 12.8837 591 209.850 
38 624 12.8837 591 209.827 
/~ 39 600 11.8857 592 209.856 
4 0 · 601 11.8837 592 209.85ti 
-'i ti l 602 11.8857 592 209.852 
42 603 11 .8857 392 209.850 
43 (,Oti 11.8837 392 209 .847 
44 605 11.8837 592 209.845 
~ 45 606 ll.8837 392 209 .&ti! 
46 607 11.8837 592 209.841 
¥~ 47 608 1 l.8837 392 209.859 
48 609 11.8857 592 209.857 
r ti9 610 11.8857 592 209.855 













7.18) Calculation of Velocity Gradient of the Leachate 
Solution for the Column Batch Study 
The mixing speed is calculated using the equation and 
constants given in the page 1, Design Manual of Cleveland 
Mixers 
(Cleveland Mixers (20)). 
Power 
Where 
input = N N3 D5 SG 
1~ 52 X 10 13 
P= power, Hp 
NP= Power number 
N = Impeller Speed, rpm 
D = diameter of Impeller., inches; 
SG = Specific Gravity of the liquid 
Coagulation tank of column batch study· • 
Velocity gradient= 2.8837 sec- 1 
Two blade axial impeller with dia 10.5" 
Power number= 0.90 
Power input required (P) = G2µV 
Power input required for the Column Batch Study 1 
= (224.040 2 (sec- 1 } 2 X 0.890 X 10-3 (N.S/m 2 } X 22 (L}} 
(1000 m /L) 
= 0.9827 watt 
Mixing speed N X 1. 52 X 1013 
NP D5 SG 
,
3 j/'[0.9827(watt) x 1.52 x 1013 ]/[(0.7457(Kwatt/HP) x 
l000(Watt/Kwatt) x 0.9 x (10.5/2.549(in/cm)) 5 ] 
I 
= 158.38 rpm 
Column Batch Study 1, flocculation basin 
Velocity gradient= 2.8837 sec- 1 
Two blade axial impeller with dia 10.5" 





Power input required (P) = G2µV 
Power input required for the Column Batch Study 1 
= (2.8837 2 (sec-) 2 X 0.890 X 10-3 (N.S/~) X 22 (L)) 
(1000 m /L) 
= 1. 7022 x 10-4 watts 
Mixing speed N = 3~ P x 1. 52 x 1013 
I NP D5 SG 
=3y [l. 7022 x 10-4 (watt) X 1. 52 x 1013] / [0. 7457 (Kwatt/HP) ; 
l000(Watt/Kwatt) x 0.9 x (10.5/2.54(in/cm)) 5 ] 
= 14.72 rpm 
Column Batch Study 2, flocculation basin 
Velocity gradient= l?.6837 sec- 1 
Two blade axial Impeller with dia 10.5" 
Power number= 0.90 
Power input required (P) = G2µV 
Power input required for the Column Batch Study 1 
= (12.68372 2 (sec- 112 X 0.890 X 10-3 (N.S/~) X 22 (L)) 
(1000 m /L) 
= 3. 29 x 10-3 watts 
Mixing speed N = 3/p x 1. 52 x 1013 
\"' NP D5 SG 
= 
3.293 X 10-3 (watt) X 1.52 X 1013 
[0.7457(Kwatt/HP) x l000(Watt/Kwatt) x 0.9 x 
(10.5/2.54(in/crn)) 5 ] 
39. 53 rpm 
The velocity gradient of the column batch study 1, 
flocculation basin is same as the column batch study 3, 
flocculation basin so the mixing speed of column batch study 
1, flocculation basin will be adopted. 
107 
.,. 
7.19) Number of Experiments Required to Achieve the Desired 
Precision of overflow Rate in the Column Batch Study 
Column Study 1 
Overflow rate obtained at 97% suspended solids removal 
in the experiment 1 = 930 gal/ft 2 .day 
Overflow rate obtained at 97% suspended solids removal 
in the experiment 2 = 895 gal/ft 2 .day 
Overflow rate obtained- at 97% suspended solids removal 
in the experiment 3 = 915 gal/ft 2 .day 
Average over flow rate = 930+895+915 
3 
= 913.333 gal/ft 2.day 
Standard deviation= 
{{913.333-930} 2 + (913.333-895} 2 + {913.333-915) 2) 112 
( 3-1) 
= 11.846 .galift 2.day 
Confidence Interval= 95 % 
Degrees of freedom= n-1 = 3-1 = 2 
to.2s,2 = 4. 3 03 
Desired margin of error= 5 % of the average over 
flow rate= 0.05 x 913.333 = 45.667 gal/ft 2.day 
Number experiment are to be conducted to obtain the desired% 
suspended solids removal= {11.846 x 4.303) 2 = 1.246 
45.666 
Column Study 2 
Overflow rate obtained at 97% suspended solids removal 
in the experiment 1 = 995 gal/ft 2.day 
Overflow rate obtained at 97% suspended solids removal 
in the experiment 2 = 1000 gal/ft 2.day 
Overflow rate obtained at 97% suspended solids removal 
in the experime~t 3 = 1010 gal/ft 2.day 
Average overflowrate = 995 + 1000 +1010 = 1001.667 





((913.333-995) 2 + (913.333-1000) 2 + (913.333-1010) 2) 112 
( 3-1) 
= 7.637 gal/ft 2.day 
Confidence Interval= 95 % 
Degree of freedom= n-1 = 3-1 = 2 
to.2s,2 = 4. 3 03 
Desired margin of error= 5 % of the average over 
flow rate= 0.05 x 1001.667 = 8.286 gal/ft 2.day 
Number experiment are to be conducted to obtain the desired% 
suspended solids removal= (7.637 x 4.303) 2 = 0.43 
50.08 
Co1umn Study 3 
Overflow rate obtained at 97% suspended solids removal 
in the experiment 1 = 901 gal/ft 2.day 
Overflow rate obtained at 97% suspended solids removal 
in the experiment 2 = 910 gal/ft 2 .day 
Overflow rate obtained at 97% suspended solids removal 
in the experiment 3 = 899 gal/ft 2.day 
Average over flow rate = 901+910+899 
3 
Standard deviation 
= 903.333 gal/ft 2.day 
((913.333-901) 2 + (913.333-910) 2 + (913.333-899) 21112 
( 3-1) 
= 8.286 gal/ft 2 .day 
Confidence Interval= 95 % 
Degree of freedom= n-1 = 3-1 = 2 
to.2s,2 = 4. 3 03 
Desired margin of error= 5 % of the average over 
flow rate= 0.05 x 903.333 = 7.637 gal/ft 2.day 
Number experiment are to be conducted to obtain the desired% 









Discharge= 100,000 gallons/day 
Velocity Gradient = 214. 8 sec- 1 
Depth of the tank = 4.5' 
Lowest Temperature of the leachate= 50°F 
Discharge in ft 3 /min 
= 100.000(gal/day) = 9.28 ft 3 /min 
24 (hrs/day) x 60 (min/hrs) x_ 7. 48 (gal/ft 3 ) 
Depth of the tank= 4.5' 
Detention time= 1 min 
Area of the tank= 9.28 (ft 3 /rnin) x l{min) = 2.06 ft 2 
4.5 (ft) 
Using square chamber 
Dimensions of the tank 1.43' x 1.43' 
Adopt 1.5' x 1.5' square tank 
Power required P = G2µV 
Viscosity = 2. 735 X 10- 5 lb sec /ft 2 @ 50°F 
Power required for velocity gradient 214.82 sec- 1 
= 214.82 2 (sec-ll 2 x 2.735,x 10-s llb.sec/ft 2 l x 10.125 (ft 3 l 
550 
= 0.0234 hp 
Efficiency of the motor from the manufacturer= 80 % 
Motor horse power= 0.0234 (hp)/0.8 = 0.0292 hp 
Power required P = G2µV 
Viscosity = 2. 735 x 10- 5 lb sec /ft 2 @ 50°F 
Power required for velocity gradient 600 sec- 1 
= 600 2 <sec- 1 } 2 x 2,735 x 10-s {lb sec/ft 2 l x 10,125 lft 3 l 
550 
= 0.18 hp 
-
Efficiency of the motor from the manufacturer= 80 % 




Accommodate velocity gradient ranging from 214.8 - 600 sec-: 
Nl/N2 = (600/214.81)213=1.98 
Provide 0.5 hp motor with variable speed 2:1 
F1occu1ation Basins
co:tumn batch study 1. floccu1ation basin 
Data 
Discharge = 9.28 ft3/min 
Depth = 4.5' 
Velocity gradient = 2.8837 sec-1 
Detention time = 10 min 
Area required = 9.28 {ft3/rnin} x 10 {min} = 20.62 ft2 
4. 5 (ft)
Using the square tank 
Dimensions of the flocculation basin = 4.45' x 4.45' 
Provide 4.5' x 4.5' dimensions flocculation tank 
Power required (P)for velocity gradient 2.8837 sec-1 
= 2,88372 (sec-1} 2 x 2,735 X 10-s (lb sec/ft2} X 91,125 (ft3) 
550 
= 0.000376 hp 
Motor efficiency from manufacture = 80 % 
Motor horse power required = 0.000376 = 0.000471 hp 
0.8 
Power required (P) for velocity gradient 40 sec-1 
= :102 Csec-112 x 2,735 x 10-s {lb sec/ft2} x 91,125 {ft3} 
550 
= 0.0725 hp 
Motor efficiency from manufacture = 80 % 
Motor horse power required = 0.0725 = 0.09063 hp 
0.8 
Accommodate velocity ranging from 2. 8837 sec-1 to 40 sec-1 
Nl/N2 = (40/2.8837)213 = 5.77 
Provide 0. 5 hp variable speed motor drive with xtra flow 
111 
Power required for velocity gradient 12.6837 sec- 1 
= 40 2 lsec- 1 >2 x 2.735 x 10- 5 llb.sec/ft 2 l x 91,125 lft 3 ) 
550 
= 0.0725 hp 
Efficiency of the motor from the manufacturer= 0.0725 hp 
Motor horse power required= 0.0725 = 0.0906 hp 
0.8 
Velocity gradient ranging from 12. 6830 sec- 1 to 40 sec- 1 
Nl/N2 = (40/12.6830) 213 = 2.15 
Provide motor 0.5 hp variable speed motor drive with mixed 
ratio of 2.15:1. 
Assuming speed of the mixing= 45 rpm 
Maximum Impeller power draw= 0.0725 hp 
Power Number for xtra-hydrofoil impeller= 0.3 
Power Input = Np N3 D5 SG 
1. 52 X 10 13 
Where 
P= power, Hp 
NP = Power number 
N = Impeller Speed, rpm 
D = diameter of Impeller., inches; 
SG = Specific Gravity of the liquid 
Diameter of the Impeller (D) = lJ P x 1. 52 x 10 13 
f NP x N3 x SG 
= 5( 0 . 0 7 2 5 { HP l x 1. 5 2 x 10 13 = 3 3 . 19 " 
0.3 X 45 3 (rpm) X 1 
Provide 34" diameter xtra hydrofoil impeller. 
Co1wnn batch study 3. f1occu1ation basin 
Data 
Discharge= 9.28 ft 3 /min 
Velocity gradient = 2. 8837 sec- 1 
Detention time= 16 min 
Depth= 4.5' 
112 
Area of the tank= 9.28(ft 3 /min} x 16 {min} 
4.5 (ft) 
Using square tank 
Dimensions of the tank= 5.74' x 5.74' 
Adopt 5'9" x 5'9" square tank 
= 32.99 ft 3 
Power Required for velocity gradient 2.8837 sec- 1 
= 2,8837 2 {sec- 1 t 2 x 2,735 x 10-s <lb,sec/£t 2 } x 148,78 {ft 3 } 
550 
= 0.000615 hp 
Efficiency of the motor from the manufacturer= 0.8 
Motor power required= 0.000615 = 0.000769 hp 
0.8 
Power Required for velocity gradient 4~-sec -i 
= il 2 {sec- 1 } 2 x 2,735 x 10-s {lb.sec/£t 2 } x 148.78 {ft 3 } 
550 
= 0.118 hp 
Efficiency of the motor from the manufacturer= 0.8 
Motor power required= 0.118 = 0.17 hp 
0.8 
Accommodate velocity ranging from 2. 8837 sec- 1 to 40 sec- 1 
Nl/N2 = (40/2. 8837) 213 = 5. 77 
Provide O. 5 hp variable speed motor drive with xtra flow 
hydrofoil impeller with mixed ratio of 5.77:1. 
Assuming speed of the mixing= 45 rpm 
Maximum Impeller power draw= 0.118 hp 
Power Number for xtra hydrofoil impeller= 0.3 
Power Input = NP N3 D5 SG 
1. 52 X 10 13 
Where 
P= power, Hp 
~ 9 = Power number 
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N = Impeller Speed, rpm 
D = diameter of Impeller., inches; 
SG = Specific Gravity of the liquid 
Diameter of the Impeller (D) = sf P x 1, 52 x 10 13 
\ NP x N3 X SG 
= "0,118 (HP) x 1.52 x 10 13 = 36.59" = 37" 
i O. 3 X 45 3 (rpm) X 1 
Provide 37n diameter xtra hydrofoil impeller. 
Coat of the lime and the power .coat of the slow mixing per 
day. 
Column batch study 1 
Lime dosage= 406 mg/1 
Cost of lime per lb=$ 0.08 
Cost of electric energy=$ 0.08/kilowatt hr 
Cost of the lime required per day 
= [406(mg/l) x lOOOOO(gal/day) x 3.785(1/gal) x 0.08($/lb) x 
2.2046 (lb/kg)]/1000000 (mg/kg) 
= $ 27.10 
Cost of the power required per day 
= 0.08 ($/kwatt hr) x 0.5 (hp) x 0.7457 (kwatt/hp) x 24 (hr) 
= $ 0.72 
Total cost of the lime and power required per day=$ 27.82 
Column batch study 2 
Lime dosage= 391 mg/1 
Power = 0 . 5 hp 
Cost of lime per lb=$ 0.08 
Cost of electri~ energy=$ 0.08/kilowatt h~ 
11 4 
Cost of the lime required per day 
= [391 (mg/1) x 100000 (gal/day) x 3.785 (1/gal) x 
0.08($/LB) x 2.2046 (lb/kg))/1000000 (mg/kg) 
= $ 26.10 
Cost of the power required per day 
= 0.08 ($/kwatt hr) x 0.5 (hp) x 0.7457 (kwatt/hp) x 24 (hr) 
= $ 0.72 
Total cost of the lime and power required per day=$ 26.82 
co211mn batch study 3 
Lime dosage= 393 mg/1 • -
Cost of lime per lb=$ 0.08 
Cost of electric energy=$ 0.08/kilowatt hr 
Cost of the lime required per day 
= [393(mg/l) x 100000 (gal/day) x 3.78? (1/gal) x 0.08 ($/lb) 
x 2.2046 (lb/kg)]/1000000 (mg/kg) 
= $ 26.23 
Cost of the power required per day 
= 0.08 ($/kwatt hr) x 0.5 (hp) x 0.7457 (kwatt/hp) x 24 (hr) 
= $ 0.72 
Total cost of the lime and power required per day=$ 26.95 
sedimentation t•nk• 
colµmn Batch study 1, sedimentation tank 
Data 
Discharge= 9.28 ft 3 /min 
Depth of the sedimentation tank= 9.5' 
Column batch study overflow rate= 913.33 gal/ft 2 /day. 
Metcalf & Eddy (19) stated that to account for the less 
than optimum conditions encountered i~ the field the design 
overflow rate or settling velocity obtained from the column 
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study is often multiplied by a factor of 0.65 to 0.85. 
Design overflow rate= 0.65 x 913.33 = 593.665 gal/ft 2 /day 
Area of tank required= lOOOOO(gal/day) = 168.44 ft 2 
593.665 (gal/ft 2 /day) 
Using 3:1 ratio length to width rectangular tank 
Width of the tank= J (168.44 (ft 2 )/3) = 7.49' 
Length of the tank= 22.47'' 
Adopting 22'6" x 7'6" dilnensions rectangular tank 
coJ mpn Batch study 2., sedimentation tnnk 
Data 
Discharge= 9.28 ft 3 /min • • 
Column batch study overflow rate= 1001.667 gal/ft 2 /day 
Depth of the sedimentation tank= 9.5' 
Design overflow rate= 0.65 x 1001.667 = 651.085 gal/ft 2 /day 
Area of tank required= lOOOOO(gal/day) = 153.59 ft 2 
. 651.085 (gal/ft 2 /day) 
Using 3:1 ratio length to width rectangular tank 
Width of the tank= t (153.59/3) = 7.15 ft 
Length of tank= 21.46' 
Adopting 21'6" x 7'2" dimensions rectangular tank 
Co1umn Batch Study 3, sedimentation tank 
Data 
Discharge= 9.28 ft 3 /min 
Column batch study overflow rate= 903.33 gal/ft 2 /day 
Depth of the sedimentation tank= 9.5' 
Design overflow rate= 0.65 x 903.33 = 587.17 gal/ft 2 /day 
Area of tank required= 100000 (gal/day) = 170.31 ft 2 
587.17 (gal/ft 2 /day) 
Using 3:1 ratio -length to width rectangular~tank 
Width of the tank = J (170.31 (ft) 2 /3) = 7 .53 ft 
Length of tank= 22.59' 
U6 





three column batch studies, the study 2 design is 
In the discussion it is explained why the dimensions 
from study 2 are adopted. For details refer to page 
xn1et and out1et arrangement of £1occu1ation t•nk 
Data 
Area of the port wall at the upstream of flocculation tank 
= 1.5' X 4.5' = 6.75 ft 2 
Area of the port wall at the downstream of flocculation tank 
= 4.5' X 4.5' = 20.25 ft 2 
To avoid breaking up f locs, the velocity gradient through 
inlet ports should be held down to a value close to or less 
than the velocity gradient in the flocculation tank (Herbert 
81 (12)) 
From the table 8-1 (Herbert 81 (12)) 
For velocity gradient 9 sec- 1 , the diameter of the port is 6 
• in, velocity is 10.81 in/sec. 
Total port area required 
= 9.28 <ft 3 /min> x 12 3 Cin3 /ft 3 ) = 24.72 in 2 
60 (min/sec) 10.81 (in/sec) 
Head loss= 1,7 x (10,81) 2 (in/sec) 2 = 0.306" 
2 x 32.174 (ft/sec 2 ) x 12(in/ft) 
Diameter of the port required 
for the velocity gradient of 2 sec- 1 =6 11 
Area of each port= Il/4 x (6) 2 = 28.72 in 2 
Provide one port of diam 6 11 at the center of upstream wall and 
down stream wall of the flocculation basin. 
outlet arrangement of the sedimentation tnpk 
When the plants have a capacity less than 1.0 mgd, weir peak 
loadings should not exceed 20,000 gal/day/ft 2 (Reylonds 87 
( 2 0) ) 



























































Length of weir required= 100,000 = 5' 
20,000 
s1udqe hopper of sedimentation tpp~ 
Data 
Detention time= 7 days 
Sludge volume per liter of the leachate solution 
from the jar test study results= 2.12 cm3 /l 
Sludge volume per day 
= 2.12 cm3 /l x 100000 (gal/day) x 3.785 (l/gal) 
10 6 ( cm3 /m 3 ) 
= 0. 802 m3 /day = 28. 32 ft 3 /day 
Total Suspended Solids per liter of the leachate solution from 
the jar test study results= 443.00 mg/i. 
Weight of the sludge per day 
= 443, oo <matll x 1000.00 caal/dayl x 3,785 caaltll 
10 6 
= 167.68 kg/day 
Sludge volume per week= 28.32 X 7 = 198.24 ft 3 /week 
Let the width of the sedimentation as the length of the 
sludge hopper which is equal to 7.16.' Let the dimensions of 
the hopper and the cross section divided in two volumes as 
shown in figure 1. 
Width of the section A= 0.5' 
Sludge volume in the volume A= L x Bx H 
= 7.16 X 0.5 X ,2il = 16.11 ft 3 
2 
Sludge volume in the volume B = Total sludge volume required -
Sludge volume of the volume A= 198.24 - 16.11 = 182.13 ft 3 
Width of the hopper required for the volume B = 182,13 
7L X H 
Average of the height in volume B = 5 + 4 + 4 + 3 = 4' 
4 
Width of the hopper required for the volume B 
= 182.13 = 6.35' 































Provide 6.5' as width of the hopper required for the volume B 
Total width of the hopper required is 7' 
Slope at the bottom of the sedimentation tank= 10.75% 
provide 1' deep for the sludge provision and 2 ft for the free 
board 
Total depth of the sedimentation tank from the top of the 
hopper 
= 9.5' + 1' + 2' = 12.5' 
Depth at the downstream of the sedimentation tank 
= 10.5' - 15' X 0.1075 = 8.89' 
Provide 9' depth at the downstream end· -of the sedimentation 
tank 
Provide 2 ft of. freeboard for all uni ts in the treatment 
system. 
Dry 1ime feeder required 
Volumetric Feeder is used for the dry lime feeding 
Approximate dosage of chemical require per liter= 400 mg/l 
Detention time= 30 days 
Chemical Feed required per day 
= 400 (mg/1) x 100.000 (gal/day) x 30 (days) x 3,785 (1/gal) 
10 6 
= 151.4 kgs 
Provide 152 kg/day capacity volumetric dry lime feeder 
Detention time required for dissolving the lime= 5 min 
Amount of lime dissolved= 1 gm/l 
Volume of the dissolving tank required 
= 1s2 {kg/day} x 1000 {gm/kg} 
24 (hrs/day) x 60 (min/hr) x l(gm/l) x 28.32 (l/ft 3 ) 
= 3. 72 ft 3 
Provide 2' x 2' x 1' 
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Detention Pond 
Five working- days has been taken for repairing the system 
when it fails. The detention pond is provided as 7 day stand 
by storage unit and equalization for the Coagulation-
Flocculation and Sedimentation. The leachate will be entered 
into the detetion pond, from there it will be pumped 
constantly at 9.28 ft 3 to the treatment system. 
Volume of the Storage tank required 
= 100,000 (gal/day) x 7 (days) = 93582.89 ft 3 
7. 48 (gal/ft 3 ) 
Depth of the storage tank= 15' 
Area of the storage tank = 
Diameter of the storage tank 
93582,89 ft 3 = 6238.85 ft 2 
15' 
= 6238,85 x 4 = 36.18' 7r .. 
provide the storage tank with diameter of 9 0 ' and depth of the 
15' 
Results of the design 
Dimensions of the coagulation tank, 1.5' x 1.5' x 4.5' 
Horse power required for the coagulation tank, 
0.5 hp motor with variable speed 2:1 
Dimensions of the flocculation tank, 4.5' x 4.5' x 4.5' 
Horse power motor required for the flocculation tank' 
0.5 hp motor with variable speed of 2.15:1, 34" dia extra 
hydrofoil impeller 
Cost of the lime and power per day, $ 26.82 
Dimensions for the sedimentation tank 21'6" x 7'2" 
Depth of the sedimentation tank from the top of hopper= 10.5' 
Depth at the end of the sedimentation tank= 8.5' 
Diameter of the port at the center of upstream and the down 
stream of the F-locculation tank, 6" 






































1 . s 
Dimensions of the Hopper of the system are shown in 
figure 2 
Capacity of Volumetric dry lime feeder required is 152 kg/day 
Dimensions of the lime dissloving tank required 
is 2.0' X 2.0' X 5.0' 
Dimensions of the detention pond 90' diameter and 15' deep 
Abstract Estimate of construction cost of Coaqulation-
Flocculation-Sedimentation system. 
s. Description Cost in Cost 
No $ 1979 ~n $ 
1994 
1 Total cost of coagulation, 14,000 
flocculation, sedimentation and 
chemical feeder tank (Modular 
Tank Inc, 94 ) . 
. 
2 Labor Cost for the Construction 4,000 6,120 
of the Sedmentation 
Tank(Robert, EPA 7 9 , ( 3 0 ) ) . 
3 Labor Cost for the construction 210 321.3 
of the rapid mix (Robert, EPA 
79, (30)). 
4 Labor cost for the ~onstruction 1,500 2,295 
of the flocculation tank 
(Robert, EPA 79 (30)) 
5 Labor cost for the construction 300 459 
of the lime feeder (Robert, EPA 
79(30)). 
6 Excavation and site work for 1,000 1,530 
the coagulation flocculaion and 
sedmentation tank (Robert, EPA 
79(30)). 
7 Cost of the Pipe and valves 1,000 1,530 
for sedimentation tank (Robert, 
EPA 79 (30)). ~ 
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8 Manufactured equipment for the 7,500 
sedimentation tank inculdes 11,475 
sludge scrapers (Robert, EPA 79 
(30)). 
9 Electric and Instrumentation 1,500 2,295 
(Robert, EPA 79 (30}). 
10 o.s HP rapid mixer with 740 
variable speed meter and 
starter (EMI Mixer, 94) . 
11 0.5 HP slow mixer with variable 2,175 
speed meter and starter (EMI 
Mixer, 94) . 
12 pH Meter Controller (SERFILCO, 551 
94) . 
13 Immersion assembly with pH 384 
sensor (SERFILCO, 94) . i. • 
14 0.2 hp Metering Pump with meter 448 
(SERFILCO, 94) . 
15 The Cost of the Storage Pond 
(Modular Tank Inc, 94) . 22,000 
16 Labor cost for the construction. 2,100 3,213 
of the Storage Pond incude 
construting storage tank, 
fitting pipe and valves, and 
fixing the flow controlling 
:r panel, and selonoid valve for 
the treatment system. (Robert, 
EPA 79 (30)). 
17 Cost of Pipes and valves 1,500 2,295 
(Robert, EPA 79 (30)). 
18 Cost of 152 kg capacity 2,600 
volumetric dry lime feeder 
SERFILCO, 94 ( 3 0) 
19 Miscellaneous 
577.00 
20 Total cost 75,000 
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Abstract Estimation of cost of Operation and Maintanece of 
coagulation-Flocculation-Sedimentation system per year. 
s. Description Cost in Cost in 
NO $ $ 
1979 1994 
1 Cost of the lime feed include 1,100 1,689 
chemical and power for 
pumping, pH meter, flow meter 
and adjustable dosager 
(Robert, EPA 79). 
2 Operation cost of rapid mixing 208.33 320 
and slow mixing includes power 
cost and its maintaince 
(Robert, EPA 79). 
3 Operation and maintainece cost 72.92 112.00 
of the sedimentation tank .. 
(Robert, EPA 79). 
4 Operation and maintainece of 50 76.5 
the Storage pond, control 
panel, pipe and values ( 
Robert, EPA 79) . 
5 Operation and maintainece of 201. 87 
miscellaneous items ( Robert, 
EPA 79) . 
6 Total cost 2,400 
The operation and rnaintainece cost of the labor was not 
included. 
Cost Index ( Dodge 94). 
Cost 94 = cost 79 x cost index 94 = 
cost index 79 
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cost 79 x 2.84 = 
1.85 
1. 53 
7.21 Design of Aeration-Sedimentation-Filtration system 
Aeration tank 
The following has been used to find threoctical requirement of 
the oxygen for the oxidation of iron and manganese {Benifield 
.L {15}} 
Stoichiometrically 2 x 16 / 4 {55.8} = 0.14 mg/1 of 
oxygen will oxidize 1 mg/1 of iron {II} and 2 x 16 / 2(54.9} 
= 0.2 mg/1 of oxygen will oxidize 1 mg/1 of manganese{II}. 
Iron= 22 mg/1 
Manganese= 7.89 mg/1 
Stoichiometric amount of oxygen required for oxidizing of Iron 
= 22 X 0.14 = 3.08 mg/1 
Stoichimetric.amount of oxygen required for oxidizing 
manganese 
= 0.2 X 7.89 = 1.58 mg/1 
Stoichimetric amount of oxygen required for oxidizing iron and 
manganese 
= 3.08 + 1.58 = 4.66 mg/1 
Stoichimetric amount of oxygen required for oxidizing iron and 
manganese per day 
= 4,66 Cmg/1) x 100.000 (gal/day} x 3.785 = 1763.053 grams/day 
1000 (mg/gram} 
Consider the actual requirement to be twice the theorictical 
requirement when calculating the actual oxygen requirement for 
oxidizing iron and manganese in the water {Benifield 88}. 
Actual amount of oxygen required for oxidizing iron and 
manganese per day 
= 2 x 1763.053 = 3526.11 grams/day 
Amount of oxygen required in lb/min 
= 3526.11 Cgrams/dayl x 0.0022 Clb/gram> =0.005387{lb/min} 
24 (hr/day} x 60 ( min/hr} 
Depth of the tank =9.5" 
The actual air-requirement assuming that 2~.2% of oxygen by 
weight is required 
= 0.00S38j Clb/min} = 0.372 ft 3 /min 
0.075 {lb/ft 3 } x 0.232 
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Standard oxygen transfer efficiency of air= 10% ( Pollution 
Control Inc (18 )) 
Actual amount of air required= 3.72 ft 3 /min 
Length of the diffuser= 4 ft 
Air flow per diffuser= 1.0 scfm 
Number of diffuser required for oxidation 
= 3,72 Cft 3 /minl =3.72 •4 
1. 0 ft 3 /min 
Width of the aeration tank= length of the diffuser+ spacing 
between end walls and the diffuse= 4+ 1 +l = 6 1 
Length of the tank =(length diffuser+ 1)4 = 
2 
Provide 12' X 6' X 9.5' size tank 
Diameter of air flow pipe= 2" 
Flow rate of air flow pipe= 5.0 ft 3 /min 
(~ +1)4 = 12' 
2 
Static head= 9.5' = 9.5' x 0.43 (psi/ft) = 4.085 psi 
Diffuser head loss= 0.2 psi ( Pollution control Inc (18) 
Piping head loss= 0.15 psi Design manual EPA (89)) 
System head= 4.085 + 0.2 + 0.15 = 4.435 psi 
Compression air blower horse power required (Design manual, 
EPA ( 89) ) 
WP= (4.28 X 10- 4 q 6 Ta/e) [ (pd/pb) 0 •
28 -1] 
WP= 4.28 X 10- 4 X 7.43( 460 + 68/0.70) [(4.435+14.3/14.3) 0 • 283 -1] 
= 0 .19 hp 
provide 0.5 hp blower. 
Sedimentation Tank 
J. Montogomery (17) stated that the adopted detention 
time range for, the aeration sedimentatioµ and filtration 
system is from 5 min to 30 min. 





















Size of the tank required 
= 100.000 {gal/dayl x 30 {minl = 2083.33 gal 
24 (hrs/day) x 60 (min/hr) 
Depth of the tank 9.5' 
Area of the tank required= 2083,33 {gall = 70.36 ft 2 
7.48 (ft 3 /gal) x 9.5 (ft) 
Width of the tank= 6 1 • 
Length of the tank= 70.36/6 = 11.72' 
Provide 12' length 
Total depth of sedimentation require= settling zone depth+ 
sludge depth+ free board= 9.5 + 1 + 2 = 12.5' 
Discharge= 9.28 ft 3 /min 
-Sludae Hopper 
There is no data available for the density of the sludge. In 
the aeration sedimentation filtration system .when the 
precipitation occurs micro floes will be formed. The larger 
particle and high density suspended solids will be removed by 
the sedimentation tank and the lighter particles and the micro 
floes will be removed in the filtration tank ( J. Montogomery 
(17)), so the density of sludge obtain when no chemical is 
added in the jar test was considered to be the density of the 
sludge obtained in the sedimentation tank of aeration 
sedimentation and filtration, which is 2.301 cm3 of 
sludge/liter of leachate. 
Volume of the sludge per day 
- 2,401 {cm3 /ll x 100000 {gal/day) x 3,785 Cl/gall 
10 6 
= 0.91 m3 /day = 24.23ft 3 /day 
Volume of the sludge per week= 30.72 x 7 = 215.048 ft 3 /day 
Total suspended solids per liter of the leachate solution from 
the Batch of the aeration-sedimentation-filtration=502 mg/1 
Weight of the sludge per day 
= 502 {mg/1) x 100000 {gal/dayl x 
10 6 


































Let the width of the sedimentation tank be the same as 
the length of the sludge hopper which is equal 7 .16. ' Let the 
dimensions of the hopper and the cross section be divided in 
two sections as shown in figure 3. 
Width of the volume A= 0.5' 
Sludge volume in the volume A 
= L X BX H = 6 X 0.5 X 1.tl_ = 19.5 ft 3 
2 
Sludge volume in volume B = [Total sludge v.olume required -
Sludge volume of the volume A]= 215.048 -19.5 = 195.55 ft 3 
Width of the hopper required B = 195.55 
L X H 
Average of the height in Volume B = 7+~+5+6 = 6 
4 
Width of the hopper required for the Volume B 
= 195.55 = 5.43' 
6 X 6 
Provide 5.5' as width of the hopper for the Volume B 
Total width of the hopper required is 6' 
Slope at the bottom of the sedimentation tank= 0.166 % 
Depth at the downstream end of the sedimentation tank 
= 10.5 - 0.166 X 6.5 = 9.42 ft. 
Provide 9. 5 ft deep at the downstream end of the Aeration 
Sedimentation and Filtration system. 
Dry Potassium Permaaanate Feeder required 
Chemical feed required per day 
= 20 (mg/1) x 100.000 (gal/day) x 30 (days) x 3,785 (1/gal) 
10 6 
= 7.57 kgs 
Provide 8 kgs capacity volumetric dry KMn04 feeder 
Chemical feed per min= 7.57 (kg/day} x 1000 (gm/kg) 
24 (hr/day) x 60 (min/hr) 
= 5.25 gm/min 
Amount of the ~o 4 dissloved=2grn/l 
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Volume of the dissolving tank required 
= s tam/min} = 2.5 L 
2 (gm/L) 
Provide 3 L capacity cylindrical dissolving tank 
sand ti1ter 
Data 
Efficiency grain size= 1.5 mm 
uniform coefficient = ·1. 2 
Q/A = 5 gpm/ft 2 
Back wash tank= 20 min flow 
Depth of the filter= 4.2 ft 
Area of the filter= 100,000 = 13.88 ft 2 
24 X 60 X 5 
Provide 2:1 ratio length to width rect~ngular filter. 
Length of the tank= 2.7' 
Width of the tank= 5.4' 
The sand filter is customarily built by Great Lakes 
Environmental Inc. 
Design supnp•ry 
Dimensions of aeration tank, 12' x 6' x 9.5' 
Number of fine porous diffusers provided, 8 
Length of the diffuser, 4' 
Blower, 0.5 hp 
Dimensions of sedimentation tank, 6' x 12 ' 
Depth of sedimentation tank from the top of hopper, 10.5' 
Depth at the downstream end of the sedimentation tank, 9.5' 
Slope of the bottom of the sedimentation tank, 10.66% 
Length of the weir is 5' 
Diameter of the port at the center of the down stream of the 
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Dimensions of the Hopper of the system are shown in the 
figure 4 
Capacity of Volumetric dry lime required is 152 _kg/day 
Dimensions of the lime dissloving storage tank required 
is 2.0' X 2.0' X 5.0' 
Capacity of the dissloved storage tank potassium permanagate 
is 14 L 
Dimensions of the detention pond are 90' diameter and 13' deep 
P'i1ter 
Effective grain size, 1.5 mm 
Uniform Coefficient, 1.2 
Q/A, 5 gpm/ft2 
Back wash tank , 20 min flow 
Depth of the filter, 4.2 ft2 
Dimensions of the filter, 2.7' x 5.4' 
Abstract Estimation of Construction Cost of Aeration­
Sedimentation-Fi1tration System . 
Description Cost in Cost 
$ 1979 in$ 
1994 
1 Total cost of Aeration 6,800 
Sedimentation and chemical 
feeder tanks (modular tank 94, 
(17)). 
2 Labor cost for the construction 4,000 6,210 
of the sedimentation (Robert, 
EPA 79(30)). 
3 Labor cost for the construction 1,400 2,142 
of the Aeration Tank( Robert, 
EPA 79(30)). 
4 Labor Cost for the construction 30.0 459 





5 Labor cost for the construction 200 306 
of the potassium permaganate 
feeder ( Robert, EPA 79(30)). 
6 Labor Cost for the construction 3,000 4,590 
of the Filtration tank 
( Robert, EPA 79(30)). 
7 Excavation and site work for 1,000 1,530 
the aeration sedimentation and 
filtration system ( Robert, EPA 
79(30)). 
8 Cost of the pipe and valves 1,000 1,530 
required for the sedimentation 
tank ( Robert, EPA 79(30)). 
9 Manufactured equipment for the 7,500 11,475 
sedimentation tank inculdes 
sludge scrapers ( Robert, EPA 
79(30)). ~ . 
10 Electricity and instrumentation 1,500 2,295 
for the sedimentation tank 
( Robert, EPA 79(30)). 
11 pH meter controller 551 
( SERFILCO, 94(30)). 
12 Immersion Assembly with pH 384 
Sensor ( SERFILCO, 94(30)). 
13 0.2 hp metering pump with meter 448 
( SERFILCO, 94(30)). 
14 Cost Diffuser and Related 5,392 
Piping (Pollution Control Inc, 
94 (21)). 
15 Compress air blower 2,000 3,072 
(Robert, EPA 79(30)). 
16 Sand filter includes, sand 29,600 
filter, troughs, pumps, back 
wash tanks, pipes and valves 
(Great Lakes Environmental Inc, 
94) . 
17 The cost of the storage pond 22,000 
(Modular Tank, 94 (17)). 
136 
18 Labor Cost for·construction of 2,100 3,213 
the storage pond Include 
constructing storage tank, 
fitting pipe and valves, and 
fixing the flow controlling 
panel, and the selonoid valves 
(Robert, EPA 79(30)). 
21 Excavation and site work 500 765 
(Robert, EPA 79(30)). 
22 Cost of pipes and valves 200 306 
(Robert, EPA 79(30)). 
23 Cost of 152 kg capacity 2,600 
volumetric dry lime feeder 
SERFILCO, 94 (3 0) 
24 Cost of 8 kg capacity 1,300 
volumetric dry potassium 
permangante feeder ~ . 
25 Miscellaneous Items . 4,032 
26 Total Cost - 110,000 
Abstract Estimation of Operation and Maintenance of Aeration-
Sedimentation-Filtration System per year. 
S.N Description Cost Cost in $ 
0 in $ 1994 
1979 
1 Cost of the lime feed including 1,100 1,689.63 
chemical and power for pumping, 
pH meter, and metering pump 
( Robert, EPA 79(30)). 
2 Operation cost of the potassium 156.25 240 
permanganate include chemical 
cost, power cost and feeder 
mainta.ince 
( Robert, EPA 79(30)). 
3 Operation cost of air diffusers 250 384 
include power cost, cleaning 
cost and its maintaince 
( Robert, EPA 79(30)). 
4 Operation and maintaince cost 72 .-·92 112.00 
of the sedimentation tank 
( Robert, EPA 79(30)). 
137 
5 Operation filters include power 496 761.875 
cost of the pumps, cleaning of 
the filters and its maintaince 
( Robert, EPA 79(30)). 
6 Total cost. 4,099.575 
The labor cost of the operation and maintainece of the 
Aeration-Sedimentation-Filtration system was not included. 
Cost Index (Dodge 94). 
cost 94 = cost 79 x cost index 94 = 
cost index 79 
138 
cost 79 x 2.......B.A = 
1.85 
1.53. 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Overflow Rates and Settling Velocities 
Column Batch Study I 
Experiment 1 
Time SeUling Over Flow Rats SS Removal 
(min) Velocity (ft/h) (GaVday/ft/ft) (%) 
-
25.000 10.800 1.938.600 92.575 
29.000 9.310 1,671.145 93.485 
34.000 7.941 1,425.410 94.550 
37.800. 7.143 . 1.282.169 9?.508 
41.800 6.459 1. 159.391 95.975 
45.200 5.973 1,072.154 ~ 96.542 
52.000 5.192 931.964 97.345 
56.500 4.779 857.831 97.717 
63.200 4.272 766.824 98.000 
Experiment 2 
Tune Settling Over Flow Rats SS Removal 
(min) Velocity (ft/h) (Gal/day/ft/ft) (%) 
22.800 11.842 2,125.639 92.800 
27.000 10.000 1.795.000 93.785 
32.000 8.438 1,514.621 94.775 
35.800 7.542 1,353.789 95.450 
39.500 6.835 1,226.883 96.030 
44.500 6.067 1,089.027 96.671 • 
51.200 5.273 946.504 97.317 
57.800 4.671 838.445 97.780 
63.500 4.252 763.234 98.000 
Experiment 3 
Tune Settling Over Flow Rate SS Removal 
(min) Velocity (ft/h) (GaVday/ft/ft) (%) 
25.800 10.645 1,878.468 93.385 
28.900 9.343 1,677.069 94.057 
30.900 8.738 1,568.471 94.967 
35.000 7.714 1,384.663 95;515 
37.500 7.200 1,292.400 96.170 
43.200 6.250 1,121.875 96.903 
47.200 5.720 1,026.740 97.267· 
54.800 4.927 884.397 - 97.700 _ 
64.500 4.186 751.387 98.000 
148 
Table 4.8 
Overnow Rates and Settling V elodties 
Column Batch Sbldy n 
Experimttnt 1 
Tame Settling Over~wRate SS Removal 
(min) Velocity (ft/h) (GaVday/tt/ft) (%) 
27.800 9.712 1,743.345 92.207-
34.800 7.759 1,392.672 93.507 
38.000 7.105 1,275.~95 94.578 
42.000 6.429 1, 15~.929 95.395 
45.800 5.895 1,058~188 "95.907 
48.500 5.567 999.278 96.533 
55.000 ._, 4.909 881-182 97.253 
61.000 4.426 794.508 97.753 
66.100 4.085 733.207 98.000 
Experiment 2 
Tame Settling Over Flow Rate SSRemoval 
(min) Velocity (ft/h) (GaVday/ft/ft) (%) . 
27.800 10.000 1,743.000 92.022 
33.500 8.307 1,446.590 93.707 
38.000 7.500 1,275.347 94.720 
42.000 6.835 1,154.006 -95.515 
45.500 6.207 1,065.153 96.175 
48.500 5.720 999.277 96.557 
55.000 5.000 881.166 97.298 
61.000 4.615 794.467 97.767 
66.200 4.206 732.181 98.000 
Experiment 3 
Time Settling Over Flow Rate SS Removal 
(min) Velocity (ft/h) (GaVday/ft/ft) (%) 
27.000 10.000 1,795.000 92.628 
32.500 8.307 1,491.107 93.840 
36.000 7.500 1,346.250 94.588 
39.500 6.835 1,226.883 95.287 
43.500 6.207 1,114.157 96.018 
47.200 5.720 1,026.740 96.510 
54.000 5.000 897.500 97.325 
58.500 4.615 828.393 97.720 
64.200 4.206 -754.977 98.000 
• 149 
Table 4.9 
Overflow Rates and SeUling Velocities 
Column Batch Study m 
• Experiment 1 
Tme Settling Over Flow Rate SS Removal 
(min) Velocity (ft/h) (Gal/daylttlft) (%) 
30.000 9.000 1.615.500 92.258 
37.500 7.200 1.292.400 93.817 
42.000. 6.429 1.154.006 94.802 
45.000 6.000 1.077.000 95.473 
50.000 5.400 969.300 95.947 
54.800 4.927 884.397 96.943 
59.500 4.538 814.571 97.550 
62.500 4.320 775.440 97.817 
66.000 4.091 734.330 98.000 
Experiment 2 
Time Settling Over Flow Rate SS Removal 
(min) Velocity (ft/h) ( Gal/day/ttlft) (%) 
30.000 9.000 1.615.500 91.723 
39.200 6.888 1.236.396 93.802 
44.000 6.136 1.101.412 94.975 
47.200 5.720 1,026.740 95.595 
50.000 5.400 969.300 96.187 
53.500 5.047 905.937 96.817 
58.200 4.639 832.701 97.403 
62.000 4.355 781.723 97.783 
66.200 4.079 732.181 98.000 
Experiment 3 
Time Settling Over Flow Rate SS Removal 
(min) . Velocity (ft/h) (Gal/daylttlft) (%) 
32.200 8.385 1,505.108 92.810 
36.000 7.500 1,346.250 93.858 
39.500 6.835 1,226.883 94.634 
43.500 6.207 1,114.157 95.725 
47.000 5.720 1,026.740 96.050 
·51.000 5.273 946.504 96.580 
54.000 5.000 897.500 97.117 
58.200 _ 4.639 832.700 97.717 
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